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(57) Abstract 



The present invention relates to a tissue ab- 
lation device assembly which is adapted to fcmi a 
conduction block along a length of tissue between 
two predetermined locations along die left atrial 
wall. The assemMy comprises an ablation element 
on an elongated ablation member which is cou- 
pled to each of two delivery members, the delivery 
memben having flist and second anchors, respec- 
tively, diat arc adapted to anchor at the two prede- 
termined locations, such that the delivery members 
are adapted to controllably position and secure the 
ablation clement along the length of tissue between 
the predetermined locations. A linear lesion in 
ttw tissue between the predetermined locations is 
then fonned by actuation of die ablation element 
The invention further provides diat the ablation 
member may slideably engage one or two deliv- 
ery members such diat an adjustable length of the 
ablation clement along the ablation member may 
be extended extcmally from the engaged delivery 
member and along a length of tissue. 
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TISSUE ABLATION SYSTEM AND METHOD FOR 
FORMING LONG UNEAR LESION 

Background of the InvBntion 

The piesQil invention rebtes to e surgicd (bvice end more spedficaflY, to b tissue ablatiiKi essonUy which is adapted 
to fonn a conduction Uock along a length of tissue between two predetennined locations along a left atiial waQ. 

Canfiac arrhythmia's, particdariv atrid fibrfltation, are a pervasive problem in modern society. Although many 
individuals lead relatively normal lives despite persistent atrial fibrillation, the contfition is associated with an increased 
risk of myocardial ischemia, esperiaily during strenuous activity. Furthermore, persistent atrial fibrillation has been 
linked to congestive heart feilure, stroke, and other thromboembolic events. Thus, atrial fibrillation is a major public 
health problon. 

Normal cardiac rhythm is maintained by a duster of pacemaker cells, known as the sinoatrial TSA") node, located 
witlin the waD of the right atrium. The SA node undergoes repetitive cydes of membrane depolarization and repdarization, 
thereby generating a continuous stream of electrical impiises, called "action potentials.' These action poteitids orchestrate 
the regular contraction and relaxation of the cardiac musde cdis throughout the heart Action potentials spread rapidly from 
cell to cdl through both the right and left atria via gap junctions between the canfiac musde cells. Atrial arrhythmia's resdt 
when electrical impulses originating from sites other than the SA node are conducted through the atrial cardiac tissue. 

In most cases, atrial fibiiflation results from perpetually wandering reentrant wavelets, which exKttt no consistent 
localized regionjsl of aberrant conduction. Alternatively, atrial fibrfllation may be focal in nature, resulting from rapid and 
repetitive changes in membrane potential originating from isdated centers, or fod, witNn the atrial canfiac musde tissue. 
These fod exhibit centrifugal patterns of electrical activatioa and may act as atfver a trigger of paroxysmal atrial fibrSlation or 
may even sustain the fibriDation. Recent studies have suggested tiiat focal airhythmia's often originate from a tissue region 
along the pdmonary veins of the left atrium, and even more particdariy in the superior pdmonary vans. 

Several surgical approaches have been devdoped for the treatment of atrial fibriltation. One particular examfd^ 
known as the "maze* procedure, is dsdosed by Cox, JL et al. The surgicd treatment of atrid fibrBlation. 1. Sunmary", Thorade 
andCanSmasciJarStffg&y 101(31:402405 119911 and also by Cox, JL "The surgical treatment of atrid fibriilatioa IV. Surgicd 
Tediriqua", Thasca and Can&jvascufar Surgery 101(41:584-592 (18911. In general the maze procedure is designed to rdieve 
atrid arrhythmia by restoring effective SA node contrd through a prescribed pattern of incisions about the canfiac tissue wdL 
Although earfy dinicd stutfies on the maze procedure induded suigicd indsions in both the right and left atrid chambers, more 
recent reports suggest tfiat the maze procedure may be effective when perfomied ody in the left atriun (see for example Sueda 
et d., "Simple Left Atrid Procedure for Chronic Atrid fibrfllation Assodated With Mitrd Vdve Disease" (1996)1, 

The left atrid maze procedure invdves forming verticd indsions from the two superior pdmonary vans and 
terminating in the region of tiia mitrd vdve anndus, traversing the inferior pdmonary vans en route. An addtiond horizontd 
inddon connects the superior ends of the two verticd indsions. Thus; the atrid waD region bordered by tiw pdmonary van 
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ostis is isdatBd fran tha othar atrial tSasua. In tHa procass, the mechaiical sectioiing of atrid tissue efirrinatBs the atrial 
eirtiythmia by Uoddng oonduclian of the abeirant adion puiuiti^ 

The nioderats sxcess obssTvad vvhh the nuize prxeiture and ot^ 
the princi|)l8 thai etelricdly isolating canlac tissue may succassftjfly preveit atrial arrtiytfiiMrs, partniarfy atrial fSoilatioa 
resisting from athar peipatuaBy wandering reaitrant wswiats or focal regions of abeirant ccnriuntimL Unfartunataly, tha 
higNy imfasive nature of such precatos may be prahflHtivB in many cases. Consequantty, less inrasKB cathster-faasad 
epproaches to treat atria! fauQation timigh canfiac tissue ablation have been devdoped. 

These tess invasive cathetef-based therapies generefly invotve Hitroduong a catheter witNn a caniac chamber, such 
as in a percutaneous transhnrami procedure wherrai an energy sink on the catheter's dstal end portion is positoned at or 
a(|acent to the abarram conductive, tissue. Upon appfcation of energy, the tergeted tissue ts ablated and rmdered nan- 
conductive. 

The catheter-based methods cen be subdmded into two related categories, based on the etiology of the atrial 
arrhythmia, first, focel arrhythmia's have proven emenable to locriized ablation technques, which target the fori of abaiant 
electrical ectivity. Accordngty, devices end techniquBs have been dsdosed which use end^lectrode catheter designs for 
ablating fxd arrtiytlmia's centered in the pulmonary veins, using a point source of energy to aNate the locus of ebnoimal 
electrical ecthrity. Such procedures typicaUy anpioy incremental application of dectricai energy to the tissue to form fwa! 
lesions. The second category of catheter-based aUation methods are designed for tieatment of tte more catatton forms of 
atria) fibifflatioa resdting from peipetuafly wandering reentrant weveiets. Such enhythmia's se genenfly not anwnafcto to 
locdized eUation techiBquea; because the excitation waves may rircumnavigate a focal leaon. Thm tin second desi of 
catheter-based approaches have generefly ettempted to mimic the earfiar surgical segmantation techraques, such as the maze . 
procedure, whsein contirruous Bnear lesions are reqirired to complBtBly segment the atrial tissue so as to block conduction of 
the teentram wave fronts. 

An example of an eblation method targeting focal anhythmia's originating from a pulmonary vein is disdosad by 
Hassaguerre et eL in *Wght end Left Atrial Radiofrequency Catheter Therapy of Paroxysmal Atrial Rhrilation" in Jotims/ of 
Can&ivasctiarBBcmipbyaolt^lWn pp. 1 13M 144 (19951. Haissaguerre et aL describe radofiequency catheter aUation of 
dmg-refractory peroxysmal atrial fibrillation using linear atrial lesions complEmemed by focal aUation targeted at 
airhytiimogenic fori in ascreened patient popJation. The site of tiw eirhythmogenic fori vwera ganaraflylxated just inside tiie 
superior pulmonary vein, and were ablated using a standard 4 mm tip single eblation electrode. 

Aixrther eUetion method (feected at panaysmal arrhythmia's arising from a focal source is disdosed by Jais et aL "A 
focri source of atrial fairSlation treated by iscrete reifiofrequency BUation" Catdadon 95572-576 119971. At the site of 
airhytiimogenic tissue, in both right end laft atria, saverai piises of a dsoete source of redofrequency enwgy were epplied in 
ord? to eiinanate the fSiriSatory process. 

Application of catiieter-based eWation techriques for treatmem of reentrant wavelet errhytbniia's demanded 
development of metiwds and devices for generating continuous linear lesions, like tiiose employed in the maze proceduB. 
Initially, conventional aUation tip electrodes were edapted for use in 'dreg bum* procedures to fomi linear ieaons. During Ute 
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'drag* piscedure, as eneigv was being spi&il the cathster tip was djawn acniss tha ttssus dung b pTsdatsmimd pstimray 
whNn tha haart. AhemstivelY, Enes of ablation weis also mads by saquentiaity posrtiaBng the tSstal tip dectrode, apptying 8 
pUsaofeneniYf BndthEniBinatiiiiingtheelactrDdB dang a predeteniinedGnBar pathway. 

Sufasetpontly, cmiventianal cathstars wae modfiol to induds imitiidB etactrode airangonents. Such cathatffs 
typjceOy contained a pItraGty of ring dectrodas dning the catheter at various dstances extemfing proxiirafly from the dstd tip 
of the cathster. 

WNIe feasiUe catheter designs existed for imparting Enear ablation tracks, as a practical matter, most of these 
catheter assemUles have been diffiadt to position and mantan placement and contact pressure long enough and in a 
suffidentty precise maraer in the beating heart to sxcessfuSy form segmented finaer lesions dong a dtonfas waS. indeed 
many of the aforementionBd methods have generally faSed to produce dosed transmural lesions thus leaving tta opportunity 
for the rsntram dmits to reappear in the gaps randning between pdnt or drag ablations. In edition, minima) mesis hava 
been dsdosed in these emboifimems for steering the catheters to aimtonnc sites of imersst such as the pdmanary vans. 
Subsequently, a number of sdutions to the pmUems encountered vuith precise positiorang, mamenance of comact pressure, 
and catheter steering have been described. These indude piimaiSy tte use of 0) preshaped ablating configurations, (2) 
deflen^ catheter assemfaBe^ and (3) transcatheter aUstion assembfies. 

One approach to improved placement has been to use preshaped configurations which imparl various predetHminfld 
lesion patterns, such as "harpins'' or "J-shapes". Typically, these configurations ere situated at the distd end of various 
steeling catheters. Such catheters genffdiy indude steering wires, extemfing from a steering mechansm at tha pnudmd end of 
tie catheter to an anchor point at tha dstd end of tin catheter. By api^ying tendon to the steering wires; tha tip of the 
catheter can be drected in a deared direction. FurthennorB, some catheters comprise a rotataHe steering feature wKch alows 
the catheter as a whde to be rotated about its longitudnd axis, by manipdating the proximd end of the catheter. This exerts a 
toniua wtich trandates to a rotating motion at tha distd aid which diows a laterally deflected dstd tip to be rotated. Once 
tha catheter is steered end poatiDned to a desred site within an atrid chamber, ablating etonents may be activated to fomi tia 
laaon. 

Some preshaped catheter assembfies employ a ftexibie outer death whidi is advanced over the dstd end of tiie 
pmshaped "gdde" catiwter. Movement of the ginde catheter witKn the sheath modfies the predetBrnaned curee of the dstd 
end of the catheter. By inserting dfferem shaped gdde catheters through the outer sheatli differem shapes for the dstd end 
of the cathata- are created. In one anbodment, tha gdde cathetK position is visuafiied by X-ray fluoroscopy and progresaveiy 
repositioned in red time by remote percutaneous madpdation dong a prefened pathway in the moving wall of a beating atriun 
to f onn continuous ledons. 

OeftectaUe catheter configurations adapted to fonn cunnfinear ledons witNn an atrid chamber, indude devices 
having a three dmendond basket stnicture that encloses an open interior at the dstd end of the device. The deflectaUe 
badtat darorrts may carry dngb or mdtiple electrades. The badcets may be deployed frem tfw catheter by removd of a 
sheath, done by manipdating the sts^ assembly located at the proximd end of the catheter. Such deflectable catheter 
assembfies may form dongated ledons, or simple or complex patterns of curvifinear ledons, dependng on the pattern of ablating 

3. 
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elsctindBs on the badtet demsnls. Cuni&near dements maY be daplcyed tmfiuikafly in suaasson to oBata the dBsred mazs 
pattern. In firther e mbo i& ne nta; curvffineiir demaits may bdude a faniSy of flax&le. elongated ablatmg etamatts wiich are 
coitrdled by a stssing mechanism theiafay pennittino the physdan to create fiaxas or ctnss in the aUsting eismants. Such 
cunSies donentsindude a vaiietv of afalatBq dectndB configintions indtntng inear ribbons and dos^ wound spirals.. A 
further variatian includes the use of gnpptiq members wtich save to fix the poatian of the aUatian siffface eganst the aniai 
wsfl. The Clipping members may tndude teeth or pins to entence the ablatiiHi of the cardac tisss by nuintaiing a 
substantifiilY constant pressure against the heart tissue to jncieasa the unifonnity d tf^ 

Transcatheter-faassi assembfias indude s^tams for oaating both btear lesions of variable length or cmnplex lesion 
patterns. Such assembies and methods invfltve catheter systems wtich can adapt to the tissue structures and numtfiin 
adequate contact and which are easily deployabte and maneuverable. One exampia of a transcathater-hased assamfaiy and 
method for creating complex lesion patterns indudes the use of ftedUe electrode segments witii an aifustdda cai length whtcfa 
may form a convohrted lesion pattem of varying length. Ttis device indudes a composte structure which may be flexed along 
its length to form a variety of curvffinear shapes from a genially Eneer shape. 

Other transcatteter ablation assemUies indtste the use of steaabte vascular catheters wticfa are expanded to 
confomn to the surface of the cardac chamber. One such expandable system comprises single or miitiple proxim^ 
constrained (fiverging spTmes wtich expand upon emergence from the d stai end of a catheter sheath. Eke the deflectable basket 
assembly described above. The splines are sufficiently rigid to maint^ a predsposed shape but are adapted to be deflected by 
contact with the cardac chamba^ wall. This expandabia mtitt-eiactrode catheter is adapted to be positioned against the inner 
wafl of a canfiac dumber to create linear continuous testons. 

Another example descrfiies an expandable structure and method for ablating cardac tissue, indudng a boidabta prdn . 
wtidi is deployed wittin tha heart The probe carries at least one dongated flexifale eUatian dement a movable sp&ne leg and 
hirther indudng a bendable stylet in a single loop support stnicture. The assembly provides for tension to bend the stylet wNch 
then flexes the eUation element into a curvffinear shape or other reaiQy contrdled arcuate catheter shapes to eltow a dose 
degree of contact between the electrode ejem^ts and the target tissue for forming long, thin lesion patterns in cardac tissue. 

An additional exemi^s of a bendable transcathster assembly comprises an outer de&very sheath and an elongated EP 
device s&deaUy disposed wittin the inner Itnten of the defivery sheeth and secured at its dstal end vuithm the debvery sheath. 
Tha EP device has a pluraiity of dectrodes on its dstd portioa ProximBl maiipdation of the EP dement causes the dstd 
portion of tha EP device to aidi, or liow* outwardly away from the dstal section of the deEvery sheath which engages the 
heart chamber, thereby forming a linear lesion in atrial wdl 

Nona of the present catheter-based devices, however, mduda a tissue ablation assembly having two separate and 
indepoident d^very membars with an dongated ablation manber coupled therdiatween. Nor does the prior art dsdosa an 
assembly where the eUation member is adapted to varii^ extend from e passageway through a dstd port in one of the 
ddhrery memberSr thereby providng an ablation means having an adjusteUe lengtK extendng between the first and second 
ddhrary members. Nor does the prior art dsdosa a method for securing tire eUation member between a first and second 
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aichor, thereby mamaiing a dssied Jopsst fmatin in contact whh the atrial wal aid facilating the fonnatian of a Enear 
BUathui track along the length of tissue between the anchors. 

Suntnafy of the Invention 

A lassm ablation device assemUy is provided which is adapted to forni a conduction block dang a length of tissue 

5 batwem first and second predeteniM locations dsng an atrial wdl of an atrium 

Accorifing to one mode of the assembly, a first ddhrery member has a proximal end portion and a (fistal end 
portion with a first anchor, a second deireery member has a proxbnal end portion and a distal end portion with a second 
aitthor, and an ablation member has first and second end portions and an ablation element between those end portions. 
The ablation member's end portions are engaged to the distal end portions of the first and second defivery members, 

10 respect! vety. In addition, the first and second anchors are adapted to secure tin ablation dement to the first and 
second predetermined locations in order to secure the ablation element along the length of tissue. 

Accorifing to enother mode of the assembly, first and second defivery members each have proximal and listat 
end portions, and an ablation member has first and second end portions with an ablation dement between those end 
portions. The proximal end portions of the first and second delivery members are adapted to slideably engege a delhrery 

15 sheath in a side-by-side arrangement. By manipulating the proximal end portion of the first defivery member externally 
of the body, the distal end portion of the first delhrery member is adapted to contrdlabty position the first end portion of 
the ablation member within the atrium and to secure the ablation element to the first predetermined location. Similarly, 
by mampulating the proximd end portion of the second defivery msnbar externally of the body, the (fistal end portion of 
the second ddivery member is adapted to contrdtaUy position the second end portion of the ablation member within the 

20 atrium and to secure the ablation element to the second predetermined location. 

Accordng to enother mode of the ass^bly, a first ddivery member has proximd and distd end portions and a 
passageway that extends between a distd port located dong the distd end portion and a proximal port located 
proximdiy of the distd port. A second defivery member is dso provided having proximd and distd end portions. An 
ablation member has a first end portion that is slideably engaged with an edjustebte position within the passageway in 

25 the first delivery member, a second end portion that is engaged to the distd end portion of the second defivery memb^, 
and an ablation dement with en ablation length located between the first and second end portions. Further to this 
mode, at least a portion of the ablation member which indudes the ablation demem is adapted to extend distally from 
the passageway through tte (Sstd port with en adjustable lerqth extentfing between the first and second ddivery 
members. 

30 Accortfing to a further mode of the essembly, a first ddivery member has a proximd end portion, a distd end 

portion with a first anchor, and a passageway that extends between a distd port located dong the distd end portion 
and a proximd port located proximdty of the distd port. An ablation member has a first end portion that is slideably 
ei^eged within the passageway with an at^ustable position, and dso has a second end portion wNch indudes the 
aUation element that is adapted to extend (fistd)y from the passageway through the (fistd port with en adjustabla 

35 length. The adjustable length between the (fistd port in the first defivery member and the second end portion of the 
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ablation member is achievBd by sfidBei^ adjustiiig the position of the first end portion of the ablation tnenther wthin the 
passageway. Further to this mode, a second anchor is also toceted along the second aid portion of the ablation 
member. The first and second aiuhors of this assembly ere edited to secure the aUation elemant to the first and 
second predetermined locations, respectivdy, such that at least a portion of the ablation length is secured to and 
extends along the length of tissue. 

In orte further aspect of the modes just desnibed, e tracking member for tracking over a gtidewire or other 
guidemember is included with the first or second delhrery member, or the first or second anchor. AttemativalY, a 
giidewire tracking member may be proinded for emh of two of these assembly components, thereby adapting the 
assembly to track over two wires in order to string the aUation element between adjacent vessels respecthrety engeged 
by those wires. Further to this aspect one or more giddewire tracking members has a passageway for tracking over^a 
guidewire end which tenninates in a distal port. Accordingly, the eblation member may be engaged to the guidewire 
tracking member either at or adjacent to the (Sstal port or proximalty thereof. 

in another aspect of the modes just described, first and second actuating members are positioned within the 
first and s^ond delivery members. Each actuating member tenninates proximally at a proximal coupler along the 
proximal end portion of the respectively engeged delivery member, the proximal couplers being adapted to couple to en 
ablation actuator. In one variation of this aspect, the ablation element is an electrode element with one or more 
electrodes and each ablation actuating member is an electrical leed wire. In another variation, the ablation element 
includes an ultrasound transducer and each aUation actuating member is an electrical leed which is coupled to e 
different surface on that transducer. 

Brief Description of the Drawings 
Figures 1A shows en angiiar peispectiva view of a tissue aUation assembly comprising a nlibon shaped eUation 
member having a first end portion everted and secured to a first ddivery member end a second end portion secured to a second 
delivery member. 

Figure 16 shows a side perspective vieuv of the tissue aUation assembly shown in Rgure 1 A, except that the ehletion 
member is shown extenifng between the first and second deliv^ members, in a dmction parallel to the de&very members; an 
attemative bowed shape for the ablation member is shown in shadowed view, wherein the eblation member is adapted to flex. 

Figure 2 shows a pa^pective view of another tissue ablation assembly of the presem invention. 

Figure 3 shows a perspective view of another tissue ablation assembly in accordance with the presem invention. 

Figure 4A shows a perspective view of another tissue ablation assembly of the present invention. 

FtguTB 4B is a perspective view of the same tissue aUatiai assembly shown in Figure 4A, Stustrating a deGvery mode 
of the assembly. 

Figure 5 shows a pospective view of anoths' tissue aUation assemUy in accordance with the presem invention. 
Figtve 6 shows a penpective view of another embodimem of tiie tissue aUation assembly of the present invsition. 
Figure 7A is a perspective view of another tissue aUation assemUy in accordance with the present invention, 
illustrating defivery tivough a transsptai sheatii in a transeptei left atrial ablation procedure. 
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FigtsBs 7B-C schemsticcQy show two dtBmstivs cross-seclianal shapes for the daheiy members of tto tssus 
aUation asssmbty shown in figurs 7A. 

Rgure 7D shows a cross sectional view of a teft strial defvery cathstsr having first end second passageways 
wtBch are separated by a defiectaUe wail, and shows in shadowed view first and second guidranrires respectivaty 
engaged within first and second dsfivety members of a tissue atiation device, wtich first and second deivery membm 
ere respectiveiv engaged within the first end second passageways end are separated by the waS. 

Rgore 7E shows a similar cross-sectionai view of a left atrial detivery catheter and tissue ablation device 
assembly as shown in Hgure 7D, although showing one mode of operation wherein the wail is deflected to one side of . 
the d^very catheter and an ebtstion member is shown in shadowed view to extend between the first end second 
delivery members, thereby bridging between the first and second passageways. 

Rgure 7F shows a similar cross-sectional view as shown in figure 7E, and shows a tfifferent mode for the wali 
as it deflects within the delivery catheter to allow the ablation member to bridge between the first and second 
passageways. 

Rgure 7G shows a simitar cross-sectional view as shown in Rgure 7E F, and shows stiil a further mode of 
construction and operation for the wall as it deflects to allow the eblation member to bridge between the first and 
second passageways. 

Figure 8A is e perspective view of another tissue eUetion assembly of the present invention Slustrating defivery 

through e trsnseptal de&very sheath. 

Figure 86 is a perspective view tlustraling a variation of the tissue aUation assembly s^^ 

Rgure 8C shows a perspective mw of another venation of the tissue eblation assembly shown in Fqure 8A. 

Rgure 8D is a perspective view of another variation of the assembly shown in Rguie 8C. 

Rgure 9 shows a perspective view of another tissue ablation essembly of the invention duing delivery through a 
transeptfll de&very sheath. 

Rgure 1 0A is a perspective view of another tissis sbletion assembly in accordance with the present inventioa durmg 
dafivery through a transeptd delivery sheath. 

Hgure 108 is a perspective view Sustrating a varration of the assembly shown in Rgure 1 0A. 

Rgure IOC is a perspective view of another variation of the assembly shown in Rgure 10A. 

Rgure 1GD is a perspective viewof another variation of tie assembly shown in Rgure IOC. 

RgivellAis a perspective viewofenother tissue ablation assembly of the invention. 

Rguie 1 1B is another perspective view of the tissue ablation assembly shown in Rgure 11 A, Bhistreting the assembly 
during use in fanning a lesion from a lower pulmonary vein to a mttrdvahraamUus. 

Rgure 12 ^ows a psspective \new of a tissue eUation assonbly sindar to that shown m Rgure IOC, except further 
indudng a drcumfeientid eblation mmber in comtnnation with a Gnear eblatira mento in an overali catheter assen^. 

Rgtn 13A shows a sectioned cross-sectional view of e drcimferentiei Nation member on the ifistsi end portion of 
the d^ry member, adapted for use in accordance with the tissue ablation assembly shown in Rgure 12. 
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Rgtre 13S shows 8 transvarss cnns-sEction&i taken dong fine 13B-13B through ths eiongste body of the 
(tiivGTy member shovvn in Rgiire 13A. 

Figife 13C shows a Uai B vasB cniss>sectionai nisw taken alimg fne 13C-13C through the ujuiufuaitifll eUstion 
donsit along ttra drcumferontifil eUatianmsnberritawninFigiis 13A. 

Figure 13D shows an angtiar perspectiva view of a cyfirafaol (itrasound transducer which is adapted for use in the 
anaimferemiaj aUstion eiement shown in RgiffBs 13A and 13C. 

Ftgiffe 13E shows an angiiar p erspa cthw view of another cy&ndticsi titrasound transducer which is adapted for use in 
the dicunferentiEl ablation element shown in Hgums 13A and 13C. 

Detailed Descmrtion of the PrefBrred Emfaotfimants 

Defmittons 

The term 'anchor' is herein intended to mem an element which is at least in part located in an anchoring 
region of the device and which is adapted to secure that region at a predetermined location along a body space waQ. As 
such, 'anchor' is intended to provida fixation as a sauring means over and above e mere normal force against a single 
tissue surface wHch is created by confronting contact batween the device and the tissue. Examples of sutaUe 
"anchors" within the intended meaning indude (but are not Gmited to): an elanent that directly engages the tissue of the 
wall at the predetermined location such as by damping, suctioiing, or penetrating that tissue; and an element that is 
adapted to penetrate the (dane of the body space wall, such as through an ostium of a vessel extentfing from the wall, 
for exsnple, induding a guidewire engaging or tracking member which provides a bore or lumen adapted to track a 
gtoitewire through an ostium of a lumen extending from the body space wall. 

Furthermore, en expandable element such as an expandable balloon or cage, is considered en anchor to the 
extent that it radially engages at least two opposite body space wall portions to secure the expandable element in piece 
(such as opposite sides of a vessel). To the extent that the disclosure of the invention below is directed to any one 
particular anchoring eiemem, it is contemplated that other variations and equivalents such as those described may also 
be used In addtion or in the elternative to that particular elonent. 

Ths term "guidewire" as used herein wQI be understood fay those of sUQ in the art to cover any member which 
serves es a guide, induding but not limited to e conventional guidewire, a catheter, a deflectable tip catheter, such as 
the type with fistal end electrodes for mappng, as well as a hdlow guide tube. 

The term 'afaletion' or derivatives thereof is herein intended to mean the substantial altering of the 
mechanical, electrical, chemical, or other structural nature of the tissue. In the cortext of intracardiac ablation 
appGcations as shown and described with reference to the embo&nents below, "eUation" is intended to mean sufficient 
ahering of tte tissue properties to substentialiy block conduction of electrical signals from or through the ehlated 
canSec tissue. 
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The tsrni 'dement' within the context of 'ehletion dement' is hetein intemted to meen a ifisaete etemsnt 
such BS an electrode, or e plurafity of discrete elements, such ss a (liuratitY of spaced eiffitrodes, which are positioned 
so as to cdtecthreiy eUate an dongated region of tissue upon acthretion by en actuator. 

Therefore, an 'eUatian elemoif within the intended meening of the cunem mvention may be edapted to 
ablate tissue in a variety of ways. For example oin suitable 'aUation elsnent' may be edapt^ to emit energy 
sufftdent to ablate tissue when coupled to and energized by en energy source. Sdteble examples of energy emitting 
'ablation elmnents' witNn tNs meaning mdude without limitation: en electrode dement edapted to couple to a drrct 
current (DC) or dtemeting current (AC) source, such as e raiiofrequency (RF) current source; an amenna demem which 
is energized by a microwave energy source; e heating dement such as a metallic dement which is energized by heat 
such as by convection or current flow, or a fiber optic element which is heated by bght* a light snitting element such as 
e fiber optic dement wtsch transmits light sufficient to eUate tissue when coupled to a light source; or en ultrasonic 
element such as an ultrasound crystd denent which is adapted to emit ultrasonic sound waves sufficient to eblate 
tissue when coupled to a sutteble excitation source. 

More detailed descriptions of radiofrequency (RF) ablation dectrode designs which may be suitable in whde or 
in part as the ablating element accardi^j to the present invention ere disdosed in U.S. Patent No. 5,209,229 to GiBis; 
U.S. Patent No. 5,487,385 to AviteD; and WO 96(10961 to Heischman et d. More detailed descriptions of other energy 
emitting ablation dements which may be suitable according to the present invemion are (fisdosed in U.S. Patent No. 
4,641,649 to Wdinsky et d. (mkrowave ablation); and U.S. Patent Mo. 5,156,157 to Valenta, Jr. et d. (laser ablation). 

In addtion, other elements for dtering the nature of tissue may be suitable as 'aUation elements' within the 
intended meaning of the current invention. For exemple, a cryoUation probe dement edapted to suffidently cod tissue 
to substantidtv dter the structure thereof may be suiteble. Furtherniore, a fluid delivery dement, such as a (fiscrete 
port or a pturdity of ports which are fluidly coupled to a fluid ddivery source, may be adapted to infuse en ablating 
fluid, such as a fluid contdning dcohol, into the tissue edjacent to the port or ports to substantidly dter the nature of 
that tissue. More detdled examples of cryoblation or flUd ddivery elements such ss those just described are disdosed 
in U.S. Patent No. 5.147,355 to Friedman et d. end WO 95/19738 to MOder, respectively. 

It is also to be further appredated that the various embotfiments shown and described in this disdosure 
cdlactivdy provide one benefidd mods of the invention, which mode is spedficdly adapted for use in the left atrium of 
a mammd. In this mode, the dongate elation element is adapted to have its ends anchored in adjacent puhnonary vdn 
ostia in the left atrium, with the dongate ebiation dement in substantid contact with the tissue that spans the length 
between those ostia. By subsequent ebiation of the tissue between enchors in the edjacent ostia, a long linear lesion is 
created end provides a conduction block to dectricd flow tmss the Isigth of the lesion. 

As win be appredated from the more detaSed (fisdosure of the embocSments bdow, a pettem of multiple long 
linear lesions between ei^acent pulmonary vdn ostia, and dso indutfing portions of the mitral vdve ennulus end septum, 
may be completed with the present invention. One pattern of such multiple ebiation lesions can be considered a "box' 
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of udated conduction within the region of the putmonary veins, and is beSeved to pravida a lass-tnvBshrs impavaraant 
and less traumatic dtemativs to the invasive 'maze' surgicei procedure pravioudy desodiai 
Tissue Ablation AssemWies 

WMla a number of enboifiinents of the present invention are disclosed in datad, refarence ounarab are und 
consistentlY whata possible. The first dgtt of esch reference numerel refers to the embo(&nent of the assemUy fa^. {1 ) 
in Figure 1 and (2) in Rgure 2), vuhOe the foQowtng (figits refer to the specific component (e^. 14 for the 'eUation 
member^. Thux for exanpta, in the first embotfiment of the tissue ablation assembly Btustratad in Figure 1A, the 
'ablation member* is labeled as 1 U, whereas a variation of the "aUstion misnber' shown in Figure 2A is rafarad to as 
214. 

With reference to Rgure 1 A. particular designs for first and second delhrery membere I1 10,1 12) and also for 
ablation member (1141, are shown. A ribbon shaped member (1161 has a first end portion (118) secured to a first 
ddivery member (1 10) and a second end portion (120) secured to a second defivery msnber (1 12). 

In a preferred espect of the several emboifiments herein described, the ablation member (1141 is spedficafly 
provided as an electrode assembly vuth one or more electrodes (122) which traverses a length along the ablation 
member and which is adapted to engage the targeted length of tissue for ablation. The one or more electrodes are 
electrically coupled to at least one coupler along a proximal end portion of a delivery member via electiicat lead wires 
extending elong the delivery member. The proximal coupler is further adapted to couple to an ablation actuator, such as 
an RF current source. 

The ablation actuator or actuators are engaged to the electricel coupler or couplBrs of the ablation devtca 
assembly and also to e ground patch (not shown). A circuit is thereby created which includes the ablation actuator, the 
electrode ablation denent, the patient's body (not shown), and the ground patch which provides either earth ground or 
floating ground to the current source. In this circuit an electrical current, such as an RF signal, may be sent through 
tha patient between the electrode element and the ground patch, as would be apparent to one of ordnary sldll. 

In the specific embodiment shown in Hgure 1 A, the ablation msnber (1 14) is shown to include a plurality of 
electrodes (122) in a spaced arrangsnent along the longitudinal axis of abtation member (1 14). A central region (124) is 
further bordered on either side by adjacent insulating regions (126,128). According to this destga the centra) r^on 
(124) is adapted to engage a length of tissue to be ablated while the adjacent insulating regions (126,128) engage 
edjacent lengths of tissue, thereby isolating the length of tissue from the blood pod during ablation. Electrodes (122) 
may also have an opposing surface (not shown) wl^h is exposed in order to allow blood flow on a side opposite the 
acthre abtation surface to cool the electrode during ablation. Furthennore, electrode ports (130) are elso shown in 
Figure 1A on electrodes (122) and may provide a housing for sensing members (not shown), such as for example 
thermocouplBS or thermisters. In addition, or in the eltemative, electrode ports (130) may also provide communication 
for fliid from en inner passageway to leak through the electrodes during ablation, such as for example to aid in cooling. 
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FtgtiTB 1 A further shows first and second dsfivery menibois 0 10,1 12) as having stTucturaUv (fiffarent designs, 
although each design is adapted to engags the aUation detnent and to controSabty position the ablation dement fay 
manputating the proxinial end portion of the respecthra defivery member. 

In more deted to the design for first deSvery manfaer (110), as shown in Hgure 1A, a giidewire tracking 
5 member (134) is tubular and includes a gmdewire lumen or passageway (136) between a distal guidawtre port (138) and 
a proximal guidswire port (not shown) that is sTideabty engaged over a guidewire (140). The first end portion (1 18) of 
ablation member (114) is secured to the delivery member (110) et a location which is proximal to the (fistal gtidewire 
port 1138). The eUation member (1 14) also hes a hinge point (144) which is either a preshapad Nnga or is flexOile to 
sDow a certain degree of rotation and flexifaiSty between the first delivery member (110) end tts eUation member 
10 (114). 

In more detail to the design for a second defivery manber (112), shown in Figure 1A, e coupgng or tracking 
member (146) is tubuler and includes a lumen or passegewey (148) that Is slideebly engaged over a guide member (150). 
The guide member includes e proximal guida portion (152) and a distal guide portion (154) which inctu(te$ a shaped or 
shepeaUe tip (not show in Figure 1 A; 156 in Rgure IB). The shapeafale tip (156: Figure IB) is torsionally coupled to the 

15 proximal guide portion (162) such that the tip is steereble by torquing or rotating the guide member (150). In a preferred 
embo(£ment the (fistal tip (156) of the guide member (150) is radiopaque under X-ray visuafization, in ordo* to faditate 
its placement in a predetermined location. Also shown in shadow between proximal and distal guide portions is an 
intermediate coupGng portion (156) wNch includes an extension of the guide member (160) and two spaced 
enlargements (160,162) over the guide memter. The tubdar coupling member (146) is also shown in Rgure 1A to 

20 coaxielly house the guide member (150) between the two spaced enlargements (160,162). The guide member (150) is • 
therefore rotatably engaged through the tubuler coupling member (146), although with a limited range of motion relative 
to the trecking member's long axis due to the mechanical barriers at the enlargements (160,162). The ablation member 
(1 14) is secured to the tubuler coupling member (146), with ablation member (114) extending from the engagement in a 
proximal orientetion. 

25 The verious features of the Figure 1A embodiment are believed to provide beneficial functionality in ablating e 

length of tissue between adjacent vessels, such as between pufmonary van ostia in the left atrium. 

In one example of the functional aspects of the design shown in Figure 1A, both first and second defivery 
members (1 10,1 1 2) are edapted to contrdlabty position the respa:tively engaged end portions of aUation member (1 14) 
within an atrhim. More spedficaOy, the first delivery member (1 10) is edepted to track over giidewire (140) in order to 

30 edvance or withdrew from e pulmonary vein virtiich is engaged by the guidewire. Consequently, the first defivery 
member is adapted to controllably place and remove the ablation element against a first point elong the length of tissue 
to be ablated. The second dalhrery member (112) is also able to contrdlablY place or remove the second end portion 
(120) of oblation member (1 14) within an at^acent pulmonary vein. However, in contrast to the 'guide wire treckbig" 
mecfaenism provided by the first delivery member (110), the second delivery member (112) utBizes a rotetable coupfing 

35 design, whereby advandng end/or torquing the proxbna) guide portion (152) of guide member (150) allows one to 

•11- 



SUBSTITUTE SHEET (RULE 26) 



wo 99/44519 PCT/IIS99/04521 

maneuver ths poation of tha shsped tip 1156; Figure IB) into tha vein. The imited range of longitudna) motion between 
the gtede member (1501 and the coupling nrombar (146) permits the advancing or vuithdravuing of the proximal glide 
portion 11521 to transmit these forces to the second end portion 1120) of sUation member (114), thereby achieving 
controOabte positioning of thb monbar. 

Another example of the hmctionai aspects of the design shown in Hguis 1 A is provided by the orientation of 
the ablation member (1 14} at each end where secured to the first and second defivery memters (1 10,1 12). This relative 
orientation between component parts in the overel) assanbty allows the most (fistal portion of the delivery members to 
be seated deeply within a pulmonary vein wNle etiowing each ablation member end to extend proximally out of the 
respective vain in order to traverse the adjoining region of atriel waB tissue. Moreover, the hinge point (144) for the 
ablation member on et leest one of the delivery members also allows the assembly to "collapse' from e deployed 
position and to thereby allow the delivery members to fit in e 'side^jy-side' or relatively parallel arrangement within a 
delivery sheath during delivery into and out of the etrhnn. For the purpose of further iitustreting this arrangement 
Figure 1A depicts the essembly in e configuration which is midway betwe^ a deployed configuration and a collapsed 
configuration for delivery, and further illustretes the motion of the hinge point (1441 by way of an arrow at^acent 
thereto. 

Notwithstanding the functional benefits just described for the specific embodiment shown in Rgure 1 A, Hguie 
IB shows another tissue ablation assembly with many similar components as those just described for Figure 1A, 
although with slight modifications which are also befieved to be benefidal in some epplications. 

In one aspect of the embodiment shown in Rgure IB, the first end portion (118) of the ablation member (114) 
is shown secured to the first delivery member (1 10) with e distal orientation wherein the ablation member (1 14) extends 
dtstally from first delivery member (110). This dstel orientstion is beBeved to provide another benefidal design in order 
to accommodate the coUepse of the assembly such that the delivery members (110,112) are in a side-by-sida and 
relatively pareilel relationship during delivery through a delivery sheath, as is further illusuated by the relatively 
collapsed configuration shown in Rgure IB. Further to this orientation, a hinge pdnt, such as shown at Wnge pdnt 
(144), may st3) provide a benefit et the engagement between ablation member (114) and first delivery member (110), 
although having a reverse role to the Rgure 1 A ^bodiment wherdn the Nnge pdnt is rdativdy straight during defivery 
and is flexed end rotated during deployment of the assembly in the region of the pulmonary veins. 

Figure IB also shows a shadowed view of an alternative shape (1641 for ablation member (1 14) which is 
believed to provide a benefit in stmie applications. In particular, shape (184) is shown as a sweeping, curve or ere 
between the first end second end portions (118,120) of eUation member (114). By advandng gddewire trecldng 
member (110) over gddewire (140) a first pulmonary vdn leading from the atrium, and also advandng guide mmnber 
(150) within e second aiQacent pulmonary vdn, the ablation member (11411s adapted to compress egainst the region of 
atrial wd) tissue between the vans. It is bdieved that this compresdon may deflect the curved shape of ablation 
member (114) against a bias force dang that curve end thereby provide a means for transmitting the force at the first 
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and sscnnA end portions (1 1S,120), due to forcing tte respective ddivery mentfasn distsUy, along the central regions of 
the ablation element to aid engegement to tissue eiong that region. 

Furths' to the bsieftdal embotfiments just shown and described by reference to Hgures 1A-6, the specific 
airanganant of the overali assambty may be modified to form other banaficia) devices wNch are fttrth^ contemplated 
wHton the scope of the present invention. For example; the tissue ablation assemUy shown in Figure 2A« includes two 
delivery members which independently cantrd the positioning of each of two ends of an sUation monber (218,2201 as 
was provided by the embodiment of Figures 1A-B. However, figure 2A shows first and second deivery mambsrs 
(210,2121 to each include elongate boifes forming respKtive guidewire tracking members (234,246) with passageways 
(236,248; shown in shadow), respectively, extenifing between ifistal ports (238,239), elso respecth/dy, and pnudmd 
ports (not shown). Rrst and second deSvery members (210,212) ere therefore adapted to shdeably engage and track 
over guidswires (240,250), such as in order to position ablation member (214) eiong a length of tissue between 
ptdmonary veins engaged by the guidewires. Moreover, it is believed that the inclusion of an elongate guidewire 
tracking member also provides e larger cross-sectioned member by which to push the respectively engaged end portion 
of the eblation manber, thereby increasing the overall effidency of contact along the ablation element length. 

In addition, Rgure 2 A shows first end portion (218) of ablation member (214) engaging first defivery member 
(210) with a proximal orientation and second end portion (220) engaging second delivery member (212) with a dstal 
orientation, and is therefore adapted to adjust the configuration between a deployed position (as shown for example m 
Figure 2A) and a defivery position in a similar manner as previously shown and described by reference to Hgure 1 B. A 
tnnge point (244) similar to hiiqe pdnt (144) in Rgure lA is also shown at the second end portion-second deSvary 
member engagement, which hinge point is further shown in cross-sectional deteil in one preferred embodiment in Figure 
2B which uses a coupling member (266). 

Furtiier to the coupling member (266), shown in Figure 2B, a "U'-shaped core (268) with a coil (270) provided 
over its exterior surface engages second delivery member (212) end also engages end portion (220) of ablation member 
(214) such that ablation member (214) effectwely extends with a proximal orientation away from the tip of delwery 
member. Further to this design, the core (268) may be a metallic core, such as for exemple a core made of en alloy of 
nickel and titanium, or of stainless steel, end the coil thereover may be of a variety of metals, such as stainless steel, 
platinum, or the litter whereas use of radopaque coils such as platinum or tungsten may provide a visible marker at the 
location where the eblation memter extends from the delhrery member. 

Coupfing member may be adapted to the reletive manbers by positioning the arms of the 'U'shaped msnber 
within seats provided by the otiter respectively coupled members, as is shown in Figure 2B. In one method of making 
this transition, the waQ fonning the lumen is cofiapsed over the coupling member's emi, such as by heat shrinking the 
respective tubing over the coupling member's ann. Alternatively, an outer jacket (not shown) may be placed over the 
cou;ding member and also the respectively cou^ded other member and then heat shrunk to capture the engagement 
within that jacket In adrfition, or in the elt^ative to both or either of these other methods, an adhesive may be used 
to pot the coupling member to the delivery and aUation members. 
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It is also to bs further understood thsi other designs and metetiab may bs used as a coupliiq msmfaar the 
engagonent bstwean tha ablation member and the deSvery member. In one alternative, a pre-shaped member sxb as 
the previously described 'U'-shaped core may be ma(b of a beat-set pdymer, such as a poiyimidB member formed into a 
bend shape. In enother variation, a compositB member may be used, such as for example a coil reinforced polymeric 
tubing, at the transition to form the hinge paint (2441. Moreover, notwithstancfing the partmiiar vaiiatbns just 
described, other substitutes may elso be suitable so long as a fleriUa hinge is estebSshed which allows seated 
engagement of the tip of the ddivery member deep within a vessel such that the ablation member extends proximafly 
therefrom so thet it may engage the length of atrial wall tissue extending from the vein for ablation. 

In one further beneficial aspect of the embodbnent shown for dethrery members (210,212) in Rgure 2B, an 
elongate body of the type shown for each delivery member may aUow for additional passageways or lumens besides just 
the guidewire lumens, which adifitionai passageways may further allcw for edditionai components along the devices 
wNch may further faciiitBte the ablation process. For example, passageways (236,248) are shown in shedow along 
first and second delivery memifflrs (210,212), respectively, in Figure 2A. In more detail to the vatiation shown in Rgtn 
2A, multiple eblation actuating members (not shown) may extend along these passageways which ere adapted to couple 
to ablation element (214) and also to a proximal coufder (not shown) that is further adapted to couple to en eblation 
actuator, as is shown schematically at indvidual ablation actuators (272,274) coupled to each delivery member, 
although the various actuating members may also couple to a single common ablation actuator. 

In addition, each of the gudewire tracking monbars (234,246) shown in Figure 2A, and also shown previouslY 
(134) for the first delivery member in Rgure 1A and B, is adapted to receive the respectivs guidewire through its lumen 
such that the guidewire extends extemeily of the catheter's elongate body on either side of the region of slideable 
engegement. This errangament, however, is merely one example of a broader functional structure of the guidewire 
tracking VBrialiQn illustrated by the anchors of Figure 2A. Considering this variation more generelly, bores ere formed at 
each of the tfistal and intermediate regions of the eiongate body. Each bore is adapted to track over a guidewire 
separately and independemty of tha other bore. Each bore generally has two open ends or ports, and the respectively 
engaged guidewire extends through the bore end extemeily of the device from each bore end. 

Acconfing to the generel structure just describeiL the specific guidewire tracking member embodiments of 
Figure 2A, and otherwise where appropriate to the embodiments, may be modified according to one of ordinary skill 
without departing from the scope of the invention. For example, e cuff or looped tether of materiel may be provided at 
tha desired anchoring location along the eiongate body and thereby form a bore that is adapted to circumferentialiy 
engage a guidewire accorcfing to the description sbove. More particularty, a metallic ring, or a polymeric ring such as 
pdyirrude, pdyethytene, potyvinyl chloride, fluoroethylpoiymer IFEP), or polytetrafluoroethylene (PTFE) may extend from 
the elongate body in a suffident variation. Or, a suitable strand of materia) for fomiing a looped bore for guidewire 
engagement may also be constructed out of a fdament fiber, such as a Kevlar or nylon filament fiber. One more spsdfic 
example of such en altemative guidewire tracking member which may be suitable for use in the current invention, 
particularly as a distal guidewire tracking member, is disdosed in U.S. Patent Ua, 5,505,702 to Amey. 
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With reference to Hgura 3, an embodimsnt of another oversfl mode of a tiasuB ablation assemUy is stnwn, 
whemn en ablation member (314) has its first end portion (318) coaxiaBy and sSdeably engaged witten a passageway 
(376) through a first daliverv member (310). 

tn more detaii to Rgure 3, first delivery monber (310) has an eloRgate body (309) which fomis a guidewire 

6 tracking member that induites a giddewira lumen or passageway (336) extsmfing between a distal guidawire port (338) 
and a proxima) port (not shown). A first guidewire (340) is sfidaabty engaged witlin the guidewire passageway (336). A 
second passageway (376) also extends along the elongate body (309) between a (fistei port (378), which is located 
along (Sstal end portion (380) proximalty of (fista) guidewire port (338) and a proximal port (not shown) located 
proximally of the distal port. Centre) to this emboiment an efalation manber (314) is adapted to the first ddvery 

10 member (310) such that its first end portion (318) is slideetdy engaged within a passageway (376). Accortfing to this 
relationship, the ablation member (314) has aiQustable positioning within the passageway with remote manipulation of a 
region of the first end portion (382) which extends externally of the body by a user. As such, the second end portion 
(320) is adapted to extend an ai^ebte length extemaity of the passageway (376) from distal port (378) and betwnn. 
first delivery member (310) and second delhrery member (312). Further to this adjustable poatianing, it is further 

1 5 contemplated that the ablation element along the ablation member may also be adjusted to extend enttrdy out from the 
passegeway, or only a portion may extend externally between the delivery members. It is bejiaved that this 
arrangement benefidally allows for a varieble dstaiue between the enchors formed by guidewire tracking members. In 
adtfition, it has been observed that, by pulling on the first end portion of the ablation member once both anchors or 
guidewire tracking members ere engaged within vessels, a 'cinching'' action may be achieved which tightens the 

20 aUation member and guidewire tracking axhors along the tissue between the anchors. 

Also shown in the embotfiment of Figure 3 is a second guide tracking member (346) elong the second end (320) 
of ablation member (314) which is slideabiy engaged over a second guidewire or guide member (350). Further to second 
guide trecking member (346), Rgure 3 also shows, in shadow, two enlargements (360,362) on guide member (350) 
which border either end of tracking member (346) to form e similar type of guide member-coupling member arrangement 

25 for a d^ivery member to that previously shown end described by reference to Rgure 1 A-B. 

Moreover, either one of the enlargements (360,362) may also be provided at the exclusion of the other for the 
purpose of aliowing a stop within a vessel against which the ablation member can abut when advanced, in the case of 
provi(fing only enlergement (362), or for allowing a stop that can be used to engage and push ablation member (314) 
distally with the guide member, in the case of providing only enlargement (360). Further to the letter purpose, which 

30 holds true for the case of providing either both enlargements (360,362) or only enlargement (360), a further benefictBl 
variation not shown provides a robust pushing member for the proximal gisde member portion of the guide member 
(350). tn one such variation not shown, a hypotube of metal such as stainless steel or nickel titeniimi alloy is provided 
proximally of enlargsnent (360), and may for exempte trensition into a core wire in the distal regions, such as at a 
location proximaUy adjacent to enlargement (362). Such transition may be achieved for example fay welding, soldering, 

35 sdh^g, or swagmg or otherwise securing end affixing a core wire to endior within the bore of a hypotube accorifing 
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to that variation. In another variatioa the core wire may tranation from a large damster ponion proximaOY of the 
enlargamsnt (360), to a tapaiad transition into a stnaBer damatsr portion such as at or tfistallY of enlaiganisit (362). 

In adifition. Hguie 3 shows in shadowed view that each of the first deSvery msnber (310) end the gttda 
tradung member (346) formed by the second end of aUation mamisr (314) further indude expandaUe msnfaers 
(384^86). Each of the expandable members is adapted to adjust from a radiaily collapsad conditiDn during dafivery into 
an atrium or vessel exterafing therefrom, end to e raifiatly expanded conifitiDn which is adapted to drcumferanttafly or 
otherwise retfieSy engage a vessel waO to secure the respecthre anchor there. For further ^lustration, such expandable 
members may be inflatable bdloons, or may be other suitable substitutes according to the anchoring purpose put fortiv 
such as for example a mechanically expandable cage. Moreover, it is to be further understood by referotce to the other 
embodments, partrcutariy where a (fistal end portion extends dstally from e pdnt of engagement with an ablation 
member, that such expandable members as just described by reference to Figure 3 may be equally sioted for use in 
combination with the spedfic components of those particular other assemblies and embodments. 

A hirther tissue ablation assembly is shown in Figure 4A end indudes two elongete delivery members 
1410,412) with an ablation member (414) extentfing therebetween, end essentially combines the side by-side elongate 
body duel delivery member design, as previously shown and described by reference to Rgure 2A, together with a 
coaxially housed, slideably engaged ablation member design of Rgure 3. Both first and second delivery members 
(410.412) have guidswire tracking passageweys (438,448) for slideably engaging gddewires (440,450). However, in a 
further modfication, a first end (418) of oblation member (414) is effixed to a distal portion (480) of the first delivery 
member (410), whereas the second end 1420) of ablation member (414) extends from and is slideably engaged within 
passageway (477) in the second ddhrery member (412), via a (fistd port (479) located at the (fistel tip (480) of the 
second delivery member (412). 

According to the particular arrengement of the assembly of Rgure 4A, the assembly is further shown in the 
partially segmented view in Rgure 48 in a collapsed condition during delivery witl^n end through a delivery sheath (492). 
Further to this delivery mode of operatioa ablation member (414) is adapted to be substentiaily housed within 
passageway (477) through dstal port (479) by either advandng second delivery member (4121 or withdrawing ablation 
member (414) untO date) port (479) abuts against the engagement between first end portion (418) of ablation member 
and the distal end portion (480) of the first delivery member (410). The second end portion (420) of the ebtetion 
member (414) is withdrawn into the pessegeway (477) in the second delivery member (412). 

StSl e further tissue aUation assembly is shown in Rgure 5 and htrther modfies the assembly shown in 
Rgures 4A-B to indude a coexial engagement between eUation member (514) and a first passageway (576) within a 
first ddhr^ member (510), and within a second passageway (577) within a second delivery member (512). More 
particularly, Rgure 5 shows ablation men\ber (514) to indude an intermediate portion (594) which is located between 
first end second end portions (518,520) and which indudes one or more ablation electrodes (522). The first end portion 
(518) of eUation member (514) is sfideebly engaged with adjustable positioning within passagewey (578) elong the first 
delivery member (510) and through tha first distal port (578) located in the distal tip (589) of first ddivery member 
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(510). Ths second end portion (520) is siidsably eiqagsd wdth edjustafaie positioning within passBssway (577) dong the 
second deivery member (512) and through a second (fista) pvt (570) located at the (fistai tip (590) of ths second 
dafivery msmber (512). Acconing to this assembly, ths length and positionng of aUation member (514) betweso the 
first and second delhrery manfaers (510,612) ts adjustable from either side or both sides (either fay adjusting tha rdative 
position of tha first end portion along tha first d#rery member or of tha second end portion along the second da&wry 
member). In adtftion, passageways and actuating members may extend along each of the first and second end portions 
of the ablation member. 

Moreover, accorifing to the assembly shown in Figure 5, one conduit fiud passageway (532) may extend from 
the first proximal end portion (582), which extends externally beyond the first deHvery member (510), through aUation 
member (514), to the second proximal end portion (583), which extends externally beyond the second dstivery member 
(512). In this aspect, the passageway (532) is thermaity coupled to the ablation dectrodels) (522) and is adapted to 
coo) the ablation electrodets) (522) when heated during ablation and when fiud is ellowed to flow through the fluid 
passageway, es is shown by way of example, by arrows pointing into ths passageway at the first proximal end portion 
(582) and out of passageway at the second proximal end portion (583). 

Stiii further to the variation shown in Rgure 5, (fistai ports (578,578) are shown at tha distal tips (589,590) of 
first and second delivery members (510,512), wherein the distel tips (589,590) ere further shown to include rediopaque 
markers, such as by use of red opaque metd bands or by metal powder loaded polymeric material. 

The Bssembly shown in Figure 6 includes first and second delivery members (810,61 2) with guidewire tracking 
members (634,648) engaged over guidewires (640,650), and hirther provides duel-coaxial engagement within those 
delivery members (610,612) with ablation member (614), as shown previously in Rgure 6. However, according to the 
variation shown in Figure 6, the distal ports (678,670) to the respective pessageways (676,677) through winch first 
and second end portions (618,620) of abtation member (614) are respectively engaged are positioned proximaDy of first 
and second distal guidewire ports (638,639), as is identified during use by way of radiopaque markers (696,697) that 
ara hirther shown on proximal and (&sta) sides of ports (678,679), respectively. Further shown in shadow in Rgure 6, 
the first and second anchors (684,686) provided in part by the two elongate guidewire tracking members (634,646) of 
tha delivery members (610,612) may further include expandable members, which are believed to be particularly well 
suited to this design by virtue of the extensions of the guidewire trackbig members distalty beyond the ablation member. 

In an alternative variation not showa it is further contemplated that the portion of the elongate body which 
forms the guidewire tracidng member for either ddivery member may also temtinate at e distel port that is located 
proxnnally of the (fistai port of the passageway through which the ablation manber is slideably engaged. 

The tissue ablation assembly shown in Rgure 7A is illustrathre of a variation wNch ts believed to be readly 
comfainabie with tha other variations of the embodiments. Ftgura 7A shows a similar assembly to that just shown and 
described previousty by reference to Rgure 5, except that the (fistai end portions of the respective delivery catheters 
have curved shapes. These shaped regions 1711,713) are adapted to pant the first end second delivery members 
(710,712) toward tha posterior wall of an atrium when introduced through a transeptal defivery sheath seated ecross 
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the fossa ovafis (not shown). The first and second deiimy membsrs [710, 712) are shown in shadow within dativerY 
sheath (7S2). 

Figures 7B-C schemeticallY show altemativB shaft configurations for first and second delivery memfa&s 
(710,7121 shown in Rgure 7A. and incfaide, respecthreiv, two round deGvery membsrs (710,712) witNn en ovular 

5 delivery sheath (792), or two ovular ddivery members (710,712) in a round delhrery sheath (792). Conventiona) round 
shaft designs within round delivery sheath hsnans are also considered ecceptabla end in sty case, all of thass 
dtemative vaiietions epply equally as sUtaUe substitutes for the other embodiments shown to indude two detivery 
members with elongate tubiiar manbers in side-by-sids arrangement within a ddhrary sheath. 

Figures 7D-G show various modes for a further defivery simath/tissue ablation device assembly onboifiment 

1 0 wherein the delivery sheath or cathet^ (792) indudes a wall (795) that separate first and second delivery psssagaways 
(797, 798). Accorifing to these modes, first and second ddivery passageways [797, 798) are edapted to house first 
and second gudewires [740, 750) end respectively engaged first and second delivery members (710, 712). Wall (795) is 
constructed to allow relative separation and isolation between these members in thrar respscthrdy engaged 
passageways in order to prevent entanglement during detivery. However, the wall (795) is further constructed to be 

15 dflfiecteble in order to allow the sbtaUan member (714) extenifing between delivery members (710, 712) to bridge 
between the passageways (797, 798) during ddhrery of the eblation member (714) through the defivery catheter (792) 
and into the etrium for ablation. 

Mors specifically, the wall (795) may be constructed in many altsmathre modes in order to achieve the feature 
just described, which is to provide rdative isolation of the de&very passegeways when only the respective guidewires or 

20 elongate bodies of the ddivery members are housed within those passageways, but also to allow such isolation to be 
selectively broken such that the ablation member can bridge between these same pessageways during delivery into the 
atrium. 

For example, Rgure 7D shows wafl (795) to be broken at a separation (796). According to this construction, 
where only the guidewires (740, 750) or defivery members (710, 172) are housed within passegeweys (797, 798), wall 

25 (795) is constructed to retain its shape to substantially transect the lumen formed by delivery catheter (792) and 
maintam the relative isolation and integrity betweoi the two passageways (797, 798). However, where the eblation 
member (714) is also housed within delivery catheter (792), the wall (795) is pushed aside within the defivery catheter 
lumen, as shown in sGghtly varied modes in Rgurss 7E-F. It is contemplated by reference to the Figures 70-G es e whole 
thet the passageways (797, 798) may be common when the wall (795) is deflected accorifing to the embodiments 

30 shown. 

Other modes of construction for well (795) may also be siotable substitutes for that shown and described by 
reference to Rgures 7D-E. In one further illustrative example, wall (795) may be secured at each of its ends to the 
tubular waD of deBvery catheter (792), with a break or separation along an intermediate region of the waO withm the 
delivery cetheter lumen. A further more detaOed example of this variation is shown at separation (796) in Rgure 70. 
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This embodbnant is shown in a furthfir modB of usa in figure 7G, wherein ablation member 1714) is shown to bndge 
batwesn passageways (787, 798) between two separate waQ portions (795, 795) that are defisctei 

it is dso further contsmpiated that such dsfiectabity may be adiiaved with a wa9 construction that does not 
have literd 'separations' to dow for the bridging of the aUation member between the passepways. For exampte, a 
frangible wall construction may ba suitable, wherein the weB has structural imegrity but has a waai^ point that is 
adapted to breaii or shear when the ablation nranbo is forced along and within tha inner lumen of the dalvery catheter. 

Figures 7D-G also illustratB one particular construction for de&very catheter (792), wherein en outer tubing 

(793) is dsposed over en inner tubing (794). Accortfing to this construction, outer tubing (793) may have a first 
construction and material composition which provides the structural integrity necessery for the drfhrery catheter (792) 
to be delivered bto the etrium during use. Inner tubing (794) may be therefore chosen merely as a 'finer' in order to 
provide the well structure as described, and may be one extrusion or tubing (es shown in tha Hgures), or may be two 
separate tubings that are ac^dned in a manner resutthtg in tha desired passegeway and wall construction for the overaQ 
assembly. In eny event tha seperetion or frangiinlity of the wall may be inherent in the construction of the inner, tubing 

(794) , such es by designing a separation into tha tubing extrusion or fonnation itself, or may be post-processed, such as 
by cutting or scoring the desired separation or frangible portion after formation of the tutnng. In one particular 
embodiment for inner tubing (794), a thin-walled polymer is used, where may or may not be the same palymer used for 
outer tubing (793), and in the latter case may be for example a thin-waUed ftuoropdymer lining, such as a PTFE lining. 
Stin further, one uraforai wall construction may also be a sutabla substitute for the outerfinner tubing variation just 
described by reference to the particular, exemplary embotfimoit in the Hguies. 

The modes for the de&very catheter (792) variously shown throughout Rgures 7A-G are believed to be highly 
desirebie for use in combination with the 'duai-deiivery member^ tissue ablation device assembliBs herein shown and 
described, it should ba apparent to those skaied in the art however, that the above-described de&very catheter or 
sheath construction with a frangiUe or separated wall can readily be applied in other applicetions and designed to 
accommodate other types of delivery members. 

The tissue ablation assemblies shown in Figure 8 exemplify further veriations, wherein similar assemblies- to 
that previously shown and described fay referoice to Figure 3 are provided in modified form. Accorcfing to the variation 
shown in Rgure 8A, the integration of the ablation member and the second delivery member described in Rgura 3, is 
repleced by a separate guidawire trecidreg member (846), which serves as tha second deDvery member (812), wherein 
the guidewire trecking member is adapted to siideatdy engage and tracic over a guidewire (850) as an anchor for the 
second end portion (820) of ablation member (814). This assembly is further motfified in Rgure SB wherein the 
gtidewire tracking member (834) of the first delivery member (810) extends along only a distal portion of this delivery 
member (810), such that guidewire (840) is only engaged along a portion of the delivery member's length. Also 
encompassed Vkrithin this embodiment, but not shown in figure 88, is that the guidewire track'mg member (846) of the 
second delivery member (812) extends dong only a dsta) portion of delivery member (812), such that guidewire (850) is 
only engaged along a portion of this delivery member's length. 
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The tissue aidation assemfatv shown in Figures 8C Bnd 80 further modify the previous embotfiments, to indute 
the coaxial etigagsnent of tfie guidevuire treddng memiten for both first and second detivary mamtmrs and the ablatton 
member. In this ^botfiment the first end porbDn (818) of the ablation member Is coaxiaOy engaged within a first 
pessageway (876) in ddivery member (810). The guidewire traddng msmfaer (834) along first deliverY member (810) 
indttdas a second passageway engaged over a wire (840). Tha first defivery menber (810) indudas still a third 
pessagewey (898) with a second daSv^ member coaxtaHy engaged. The second defivery member also inchidas a 
second guidewire tradting member (846) over a SKond wire (850). In Rgure 8C, the guidewiies are engaged dang 
substantially the entire length of the guidewire tracking members. In contrast in Ftgtffe 80, the guidewires are only 
engaged along a dstal portion of the guidewire tracking members. 

The tissue ablation assembly of Rgure 9 indudes a first defivery member (910) with two passageways 
(936,976). Passageway (936) ends in a tfistal guidewire port (938) and forms guidewire tracking member (934) over e 
guidewire (940) as a first anchor. Passageway (976) terminates distdly in a distd port (978) located proximalty of 
distd guidewire port (938). Ablation member (814) is sDdeably engaged within passegeway (976) as simHariy described 
for previous ablation membara in Figures 3 and 8, except that the ablation member (914) in Figure 9 further indudas a 
passageway (948) runrang its length which tracks over a second guidewire (950) thereby providing a second ancbor. 

In the tissue ablation assembly shown in Figure IDA, effectively one continuous member forms first and 
second delivery members with anchors and an ablation member strung therebetween. An dongate body (1009) has a 
first end portion (1082) and a second end portion (1083), both extending dong a ddwery sheath hmien (1092) in a dde- 
by-side erraiqonent. A first passagsway (1076) extends dong the first end portion (1082) and terminates edjacent to 
an ablation member (1014) in a first distd port (1038), which is pictured within the right superior pubnonary vein ostium. 
(101). The second end portion has a second passageway (1077) tenninating c&stBlly ai^ecent to the eblation member 
(1014) in e second distd port (1039), which is pictured in the ai^acent left superior pubnonary vein ostium (102). The 
simi^idty of this design allows for two guidewire trecking members over first end second guidewires (1040,1050) and 
provides anchors for both ends of ablation member (1014) dong the length of tissue to be ablated. 

It is further contempleted (shown in shadow), that another guidewire (1045) may exit another port (1081) in 
the dongate member (1009), el or adjacem to the left inferior pidmonary van ostiisn (103), wherein an addtiond 
verticd ablation element (1015) is provided, such that tha ablation element (1015) spans the linear distance between 
tha superior end inferior left pdmonary vein ostia. Thus, one of skill in the art will readly recognize that further 
modfication of the ablation assembly shown in Hgure OA, to indude en addtiond guidewire and addtiond ablation 
elements, may fecilitate the induction of e four-sided dosed eblation lesion connecting the four pdmonary vdn ostia; 
the light inferior pdmonary vdn ostium (104) is dso pictured. Referring to Figure 10B, the ebletion assembly is 
modfied such that tha gddewires ere ody engaged dong a distd portion of the dongate body (1009). 

Figures 10C-D, depict another tissue aUation assembly during defivery through a transeptd delivery sheath 
(1092), and shows an aUation member (1014) wNch indudas a proximd portion (1083) that fomis a guidewrire tradong 
member (1046) extendng proximaHy in a ddB-by-side anengemem in paraUd with a gddewire tracking member (1034) 
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of a d^very manbsr (101 D) along the deSvery shesth. Rgurs IOC and 0 hirttis show each of ths gudewire tracking 
msmbsrs 0034,1046) to induda a distal port into a passagsway through which a guidswire is sfidesbly eng^jed 
substantieity along the end portion's length, and further shows the IntennsdlatB portion (1034) to induda shaped 
regions (1011,1013) located at or adjacent to each of the distal ports (1038,1039) such that each shaped regian is 
adapted to engage a vessel extendng from an atrial wall white the ablation element is engaged dong e length of atrial 
wail tissue extenifing between the vessels' ostia. Rgure 100 is similar to the assembly shown in Hgure IOC, except 
showing the first end second gudewire tracking members (1034,1046) to extend along only a (&std region of the 
respective end portion. 

Figure 1 1 A shows a perspective view of another tissue ablation assembly that indudes an ablation member 
(1 1 14) with e proximal end portion (1 118) that is s&daably engaged within a passageway (1 176) extending dong a first 
delivery member (1110) that further indudes a guidewire tracking member (1134) dideabty engaged over a gudewire 
(1140), and dso shows a predetermined length of the (fistat end portion of the ebiation member, which indudaa en 
aUation element, extendng a predeterminfld ifistence distelly from the passageway through a distd port (1178). The 
predetenninad length of the (fistd end portion of the ebletion member has a predetermined shape which is edapted, as 
shown in Figure 116, to be secured to a length of etrid wdl tissue from a predetermined location when the ablation 
member (1 114) is anchored by the guidewire (1140) et or adjacent to the predetermined locetion. The anchoring may 
optionally be enhanced by operetion of an expanddite member (1 184) on the guidewire tracking member (1 134). 

Figures 12 and 13A-E show various specific embocfiments of an ablation assembly wNch utilizes both a linear 
abietion member (1214) end e drcumferentid ablation element (1217). These ebiation dements (1214,1217) may 
comprise any of the ablation devices discussed above. In an exemplery mode, as illustrated in Figure 12, the ablation 
member (1214) has a lineer configuration and the drcumferentid ablation element (1217) utilizes an acoustic energy 
source that raifidly emits a cotlimated energy beam in a drcumferentid pattern. The present lineer end drcumferentid 
abietion elements (1214,1217) hove particdar utility in connection with fondng linear end drcumferentid ledons dong 
a posterior weO of the left atrhun and witNn or ebout one of the essodated pulmonary vein ostia (or within the vdn 
itsdf) in order to form conductive blocks. This application of the present edetion assembly, however, is merdy 
exemplary, and it is understood that those skiSed in the ert cen readily adapt the present ablation device assembly for 
appEcations in other body spaces. 

The ebiation assembly is prindpdty configured in eccordance with the disclosure set forth above in connection 
with Figure IOC, with the exception of the addtion of the drcumferentid ablation element (1217). Accordngly. the 
foregdng description should be understood as applying equdly to the present mode, except where noted otherwise. 

In the illustrated embodment the drcunferentid ebiation dement 11217) indudes a soun:e of acoustic 
energy, an ultrasound transducer (1223), end an anchoring device (1284) that anchors the transducer (1223) within the 
targeted body space (e.g., pdmonary van ostium). The enchoring device (1284) may dso coupie the transducer (1223) 
to the tergeted tissue ate. doth the enchor (1284) and the trensducer (1223) ere podtioned at a distd end portion 
(1280) of one of ths ddhrery members (1210,1212) of the ebiation device assemUy. 
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in one mods, the anchanng device 11284) compiisss an eipandable menber that eiso positions (i^^ orient^ 
the transtiiser (1223) within the body space; however, other enchoring and positianing devices mey also be used, such 
83, for example, a basket mecharasm. In a more specific form, the transducer (1223) is Ixated wittnn the expandable 
menibar (1284) and the expsndaUa mamber (1284) is adapted to engage a drcumferentiai path of tissta either about or 

5 elong a piimonary vein in the region of its ostium or along a left atrial posterior wail. The transducer (1223) in turn is 
acoustically coupled to the waO of the expandable member (1284), and thus to the drcumferentiai region of tissue 
engaged by the expandaUa memfaar wall, whan actuated by an acoustic oiergy (biver (1273) to snit a drcumferentiai 
and iongitudinalty coUimated idtrasmmd signal The linear aUatton member (1214) is opereted by an ectuator (1272). 
The use of acoustic energy, end particuiarly ultrasonic energy, offers the advantage of simultaneousty 

1 0 applying a dose of energy sufficient to ablate e reletivdy large surface area within or near the heart to a desired heating 
depth without exposing the heart to a large amount of current. For example, a cofltmated ultrasonic transducer can 
form a lesion, which has about a 1.5 mm width, about a 2.5 mm (fiameter lumea such as a pulmonary vein, and of^a 
suffidant depth to form en effective conductive block. It is befiaved that an effective conductira Uock can be fanned by 
pradudng a lesion within the tissue that is transmural or sufastantiaSy transmural. Dependng upon the parent as wd) as the 

15 locaticn within the putmonary vein ostium, the lesion may have e depth of 1 mlmat^ to 10 nuOimeters. It has been observed 
that tin coSimated uttrasonic transducer can be powered to provide a lesion toving these parametm so as to fomi an effective 
conductive block between the puimonary vein and the posterior waB of the left atrium 

With spedfic reference now to the embocfiment illustrated in Rgures 13A through 130, the distei end portion 
(1380) of one of the delivery members (1310) indudes an elongate body (1309) with proximal and (fistal sections 

20 (1353,1355), an expandable balloon (1384) located elong the (fiste) end portion (1380), and a drcumferentiai ultrasound 
transducer (1323) which forms a drcumferentiai ablation member that is acoustically coupled to the expandable balloon 
(1384). In more detail, Figures 13A-C variously show the dongate body section (1309) to indude a guidewire lumen 
(1336). an inflation lumen (1385), and an electrical lead lumen (1375). The ablation device, however, can be of a self 
steering type rather than an over-the-wire type device, as noted below. 

25 Each lumen extends between a proximal port (not shown) and a respective i£sta) port which distal ports are 

shown as e distal guidewire port (1338) for tiie guidewire lumen (1336), a distal inftation port (1387) for the inflation 
lumen (1385), and the distal lead port (1388) for electrical lead lumen (1375). Although the guidewire, inflation and 
electrical lead lumens are generally an-enged in a side-by-stde relationship, the elongate body section (1309) of the distal 
end portion (1380) can be constructed with one or more of these lumens arranged in a coaxial relationship, or in any of a 

30 wide variety of configurations that will be reai£ly apparent to one of onfinary skSl in the art 

In addition, the elongate body (1309) is elso shown in Figure 13A and 13C to indude an inner member (1308) 
that extends distaRy beyond the (fistal inflation and lead ports (1387,1388), through an interior chamber formed by the 
expandable balloon (1384), end (fistdly beyond the expandable balloon where the elongate body (1309) temtinatas in a 
distei tip. The inner member (1308) fonns the distal region for the guidewire lumen (1336) beyond the inflation and lead 
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ports, end also provides a support member for the cyfindricai tdtrasound transducer (1 323) and for tha ifistd neck of the 
expansion beiloon (1384), as deKribed in moie dstafl bdow. 

One more detailed constructjon for the components of the etongate body section (1309) wNch is beUeved to 
be soitsbte for itse In transepts] left atrial efalation procedures is as foflows. The elongate body (1309) itsdf may haw 
an outer dameter provided wittin tta range of from ebout 5 French to about 10 French, and more preferably from 
about 7 French to ebout 0 French. The gtidewire lumen preferebty is edapted to sfideafaly receive gudewsres ranging 
from about 0.010 inch to about 0.038 inch in dsneter, end preferBbty is adapted for use with giidewires ranging from 
ebout O.OiS inch to about 0.035 inch in disneter. Where e QJ03S inch guidswire is to ba used the guidewire lunen 
prefereUy has en inner dameter of OJMQ inch to about QM2 inch, tn adifitiQiv the inflation lunen preferebty has an 
inner tfiameter of about 0.020 inch in order to allow for rapid deflation times, although may vary ba^ upon the 
viscosity of inflation medum used, length of the Itmea and other dynamic factors relathg to ffadd flow and pressure. 

In eddtion to providng the requisite lumens end support members for the ultrasound transducer assembly, tha 
elongate body section (1309) of the debvery manber must also be adapted to be introduced into the left atrhon such 
that the dsta) end ponion with the balloon (1384) and transducer (1323) may ba placed within the pufanonary vein 
ostium in a percutaneous translumenal procedure, and even more preferably in a trensepta) procedure as othenvtse 
herein provided Therefore, the dstel end portion (1380) is preferably flexible and adapted to track over end elong e 
guidewire seated within the targeted pulmonary vem. In one further more detaSed construction which is bdieved to be 
suitable, tha proximal end portion is adapted to be at bast 30% more stiff than the distal end portion. According to tisa 
relationship, the proximd end portion may be suitably edepted to provide push transmission (and possibly torque 
transmission) to the dstel end portion while the dsta) end portion is suitably adapted to track throiqh bendng anatomy 
during in vivo ddivery of the dstel end portion of tte device into the desired aUation region. 

At least a dstel portion of the delivery member (1310) trecks over a guide wire (1340). Notwithstending the 
specific device constructions just described, other variations of the delivery member ere also contemplated For 
example, wNIe tha illustrated mode is shown as an "over-the-wire" catheter construction, other guidewire tra:king 
designs may be suiteUe substitutes, such as, for example, catheter devices which are known as "rapid exchange" or 
'monorail' variations wherein the guidewire is only housed coaxlally within a lumen of tha catheter in the dstd regions 
of the cetheter. In another exempte, a daflectabta tip design may also be a suitable substitute and which is adapted 
to independently select e desired pulmonary vain and direct the transducer assembly into the desired location for 
ablation. Further to this latter variation, the guidewire lumen and guidewire shown in Rgure 13A may be replaced with 
8 'puQwire' lumen and associated fixed pullwire which is adapted to deflect the catheter tip by applying tension along 
varied stiffness trensitions along the catheter's length. StiD hirther to this puUwire variation, acceptable puilwires may 
have a dameter witHn the range from about 0.008 inch to about 0.020 inch, end mey further include a taper, such as, 
for example, a tapered outer dameter from about 0.020 inch to about 0.008 inch. 

More spedficaliy regardng the expandable beQoon (1384) as shown in varied detail between Figures 13A and 
13C, e centra] region 11391) is generally coaxially dsposed over the inner mmiber (1308) and is bordered et its end neck 
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regions by pranmal and distal adaptBtions (1393,13951. Ths pnudmai adaptation (1393) is sealed over elongate body 
section (13091 proximaily of the (&stai inflation and the electiical lead ports (1387,1388), and the (fistai adaptation 
(1395) is sealed over inn^ member (1309). Acconfing to this arrengement, a fhod tight interior chamber is fomied 
within expandaUe batloon (13S4). This interior chamber is fluidiy coiqtted to e pressurizeaUe fluid source (not shown) 

5 via the inflation hrniai (13871. In adifition to the mfiation lumen (1385), the electrical lead luman (1375) also 
communicates with the interior chamber of expandable balloon (1^) so that the ultrasound transducer (1323), which 
is positioned wittnn that the chamber and over the inner msmbar (1308), may be electriceOy coupled to an ultrasound 
drive source or actuator, as wiO be provided in more detml below. 

The expandable balloon (13841 may be constructed from a variety of known materials, although the bafioon 

10 (1384) preferably is adapted to conform to the contour of a pufanonary vein ostram. For this purpose, the balloon 
materiel can be of the highly compliant variety, such that the material elongates upon appTication of pressure and takes 
on the shape of the body lumen or space when fully infleted. Suitable balloon materials include elastomers, such as, for 
example; but without linatation, sHicone, latex, or low dmometer pdyurethane (for example a durometer of about 80A). 
In adifition or in the alternative to constructing the balloon of higNy complient material, the balioon (1384) can 

15 be formed to have a predefined fully inflated shape |i.e^ be preshaped) to generelly match the anatomic shape of the 
body lumen or space in which the balloon is inflated. For instance, as described below in greater detaO, the betloon can 
have a distally tapering shape to generally match the shape of a pulmonary vein ostium, andfor can include a bulbous 
proximal end to generelly match a transition region of the etrium posterior waB adjacent to the pulmonary vein ostium. 
In this manner, the desired seating witNn the irregular geometiY of a pulmonary vein or vein ostitsn can be echieved 

20 with both compliant and non^ompliant balloon variations. 

Notwithstamfing the alternatives which may be acceptable es just described, the balloon (1384) is prefereUy 
constructed to exhibit at bast 300% expansion at 3 atmospheres of pressure, and more preferably to exhibit at least 
400% expansion at that pressure. The temi "expansion" is heiem intended to mean the balloon outer dameter after 
pressurization dvided by the balloon inner dameter before pressurintioa wherein the b^oon inner daneter before 

25 pressuriratian is taken after the balloon is substantially fSted with fluid in a taught configuration. In other words, 'expansion' is 
boBn imended to relate to change in darmter that is attributable to the material compfiance in a stress strain r^ationship. In 
one more detailad construction which is befieved to be suitaNe for use in most conduction block procedures in the region 
of the pulmonary veins, the balloon is adapted to expand uncter a nornial range of pressure such that its outer ifi^ter 
may be adjusted from a radially collapsed position of about 5 nuIBmeters to a radially expanded position of about 2.5 

30 centimeters (or approximately 500% expanson ratio). 

The ablation member 11323), which is illustrated in Figures 13A-D, takes the form of an annular ultrasonic 
transducer applicator. In the Slustrated embodiment, the annular ultrasonic transdxer applicator (1323) has a unitary 
cylindrical shape with a hollow interior (i.e., is tubuler shaped); however, the trensducer applicator can have a generdly 
annular shape and ba formed of a plurality of segments. For instance, the transducer eppficator can be formed by a 

35 plurality of tuba sectors that together form an annular shape. The generally annular shape can also be formed by a 
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pturaSty of pianar transducer segnsnts whtcfa ere erraiqed in e poirgon shape (e^^ hezagon). In adilban, atthtmgh in 
the Btustratsd embodimsnt the ultrasonic transducer comprises a single transducer donent the transducer appitcator 
can be formed of a multi-element array, as described in greater det^ beicw. 

As is shown in dstaB in Figure 130, the cytindricaj ultrasound transducer (1323) includes a tubular wail wtidi 
includes three concentric tubular layers. A central layer (1325) has e tubiiar shaped member of a piezoceramic or 
piazoelectric crystalline meterid. This transducer element preferably is made of type P2T4. PZT-5 or PZT-0, quarU or 
LitKunvNiobete type piezoceram^ material to ensure Ngh power output cepabHities. These types of transducer 
materiels are commercially available from Stavely Sensors, Inc. of East Hartford, Connecticut, or from Valpey-Rscfaer 
Corp. of Hopkintoa Massachusetts, 

The outer end inner tubuler members (1327,1329) enclose the central layer (1325) within their coaxia) space 
end are constructed of an electrically conductive material. In the Dtustrated embo&nent these outer end inner 
members which form the transducer electrodes (1327,1329) comprise e metallic coating, end more preferably e costing 
of nickel, copper, silver, gold, platinum, or alloys of these metals. 

One more detailed construction for a cytindricel ultrasound transducer 11323) for use in the present eppScation 
is as follows. The length D of the transducer applicetor (1323) or transducer applicator assembly (e^., mtiti-elemem 
array of transducer elements) desirably is sdected for a given dinical application, but is less than a length 0 of the 
balloon (1384) that contacts the tissue. In connection with forming circumferential conduction blocks in cardiac, or 
pulmonary vein wall tissue, the transducer length can fall within the range of approximately 2 mm up to greater than 10 
mm, and preferably equals about 5 mm to 10 mm. A transducer accort&ngly sized is believed to form a lesion of e width 
sufficient to ensure the integrity of the fonned conductive block without undue tissue ablation. For other applications, 
however, tiie length can be significantly longer. 

Likewise, the transducer outer diameter desirably is selected to account for delivery through e particiier 
access path (e.g., percuteneously and transeptafly), for proper placement and location within a particular body spree, 
end for achieving a desired ablation effect. In the given application within or proximate of the pulmonary vein ostium, 
the transducer preferably has an outer diameter within the renge of about 1.8 mm to greater than 2.5 mm. It has been 
observed that a transducer v«ith an outer diameter of about 2 mm generetes acoustic power levds approaching 20 
Watts per centimeter radiator or greater within myocardial or vascular tissue, which is believed to be sufficient for 
ablation of tissue engaged by the outer baBoon for up to about a 2 cm outer (fiameter of the baUoon. For appitcations in 
other body spaces, the transducer applicator may have an outer diameter vuitiiin the range of about 1 mm to greater 
than 34 mm (e.g., as large es 1 to 2 cm for eppiications in some body spaces). 

The central layer (13251 of the transducer applicator (1323) has a thickness selected to produce a desired 
operating frequency. The operating frequency will vary of course depending upon clinical needs, such es the tolerable 
outer diameter of the eUation and the depth of heating, as well as upon the size of the trensducer as Bmited by the 
delivery path and the size of the terget site. As described in greater deteil below, the transducer m the illustrated 
appScation preferably operetes within the range of ebout 5 MHz to ebout 20 MHz, end more preferably within the range 
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of about 7 MH2 ta about 10 UHl Thus, for exampta. the transducer can have a thickness of appnudmately mm fo* 
an operating frequency of about 7 MHz (U^ a thickness generaity equal to 1^ the wavetength assodatad with the 
desired operating frequeisy). 

The transducer appBcator (1323) is vibrated across the wait thickness to ratfiata coimated acoustic oiergy in 

5 a radd drection. For this purpose, as best seen in Hgures 13A and 13D, the dstal ends of electrical leads (1331,1333) 
are dectricsity coupled to outer and inn^ tubular members or electrodes (1327,1329), resfsctivdy, of the transducer 
(1323), such as, for example, by sddering the leads to the metaiiic coatings or by resistance weltfing. In the iOustratsd 
emboifiment the electrical leads are 4^ mil (0.004 to OilOS inch (fiameter) siver wire or the like. 

Importantly, as best understood from Rgure 12, the wire leads or leed set indiceted generally by refvance 

10 numeral (1235), for the drcumfersntial ablation element (1223) are routed through the lead lumen (1275) of the first 
delivery member (121Q), while the wire leads or lead set (1237) for the linear ablation element (1214) are routed through 
one or more wire lead lumens that extends through the linear ablation member 11214) and through the second deihrery 
member 11212). The separation of these lead sets (1235,1237) reduces eny cross-contemination or noise in the signal 
carried by one of the lead sets due to its proximity of the other lead set 

15 The proximal ends of the leads of the lead set (1235) for the circumferential ablation element (1223) are 

adapted to couple to an ultrasonic driver or actuator (1273), which is schematically illustrated in Rgure 12. Figures 
13A C further show leads es separete wires within electrical lead lumen, in which configuretion the leads must be well 
insuteted when in dose contact. Other configurations for leads are therefore contemplated. For example^ a coaxiBl 
cable may provide one cable for both leads which is weS insulated as to inductance interference. Or, the leads may ba 

20 communicated toward the dsta) end portion of the elongate body through different lumens which are separated by the 
catheter body. 

Still with reference to Rgure 12, the leads of the lead sets (1237) for the linear ablation element (1214) are 
coupled to an ablation actuator (1272), which is configured in accordance with the above description. The ablation 
actuator (1272) desirably indudes a current source for supplying en RF current, a monitoring drcuit end a control 

25 circuit. The current source is coupled to the linear aUation ebnent (1214) via the lead set (12371. end to a ground 
patch (not shown). The monitor circuit desirably communicates with one or more sensors (e.g., temperature or current 
sensors) which monitor the operation of the linear ablation dement (1214). The contrd drciet is connected to the 
monitohng drcuit end to the current source in order to edjust the output level of the current driving the electrodes of 
the Onear ablation dement (1214) based upon the sensed comfition (e.g., upon the rdationship between the momtored 

30 tonperature and a predeterminsd tempereture set*pdnt). 

The ultrasonic actuator (1273) generates dtemating current to power the transducer. The ultrasonic 
actuator (1273) drives the transducer at frequendes within the range of about 5 to about 20 MHz, and preferably for 
the fltustreted eppHcation within the range of ebout 7 MHz to ebout 10 MHz. In eddtion, the uttrasonic driver (1273) 
can modulate the driving frequendes and/or vary power in order to smooth or unify the produced coKimated ultrasonic 
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beam. For instance, the ha^sn generator of the ultrasonic driver cen drive the transducer at freqtenctes within the 
ranQB of 6.8 MHz and 7.2 MHz by continuousty cr (Escrstdy swsepirg betwran these frequencies. 

The ultrasound treosducer (1223) of the present embmfiment sontcaOy couples with the outer sidn of the 
balloon (1284) in e manner which forms a ctrcumferentiai conduction Uock in a pidmonary van as foOows. Initially, the 

5 ultrasound transducer (1223) is befieved to snit its energy in a drcumferendai pattern wMch is higMy cdSmated along 
the transducer's length rdathre to its longitudnal axis L (see Figure 130). The circumferential band therefore maintains 
its width and circumferentiel pattern over an appredable range of dameters away from the source at the transducer. 
Also, the balbon (1284) is preferably inflated with fluid whnrh is relativaly utUesorBcafly transparent such as, for 
example; degassed water. Therefore, by actuating the transducer while the balloon is inflated the dicumferentiBl band 

10 of energy is allowed to translate through the inflation fluid and ultimatety sonicaHy couple with a drcumferentiai band of 
baDotm skin wtich drcumscribes the bdtoon. Moreover, the circumferential band of bdloon skin material may also be 
further engaged along a drcumferentiai path of tissue which drcumscribes the balloon, such as, for exemple; if the 
balloon is inflated within and engages a pulmonary van wall ostiim. or region of atrial wall Accordingly, where the 
balloon is constructed of a retstively dtrasoracally transparent material, the drcumferentiai band of ultrasound energy is 

15 allowBd to pass through the balloon sk'm and into the engaged drcumferentiel path of tissue such that the 
circumferential path of tissue is ablated. 

With reference to Figure 13E, the Uansducer (1323) else can be sectored by scoring or notching the outer, 
trensducer dectroda and part of the central layer along fines paraOel to the longitutfinal axis L of the transducer (1323}. 
A separate electricel lead coni»cts to each sector in order to couple the sector to a detficated power contrd that 

20 individually exdtes the corresponifing transducer sector. By contrdfing the driving power end operating frequency to 
each intfividual sector, the ultrasonic driver can enhance the unifornuty of the ultrasonic beam around the transducer, 
and vary the degree of heating (i.e., lesion contrd) in the angular dimension. Again the leeds for each sector may be 
routed through dfferent lumens of the two delivery members. 

The ultrasound transducer just described is combined with the overall device essembly according to the 

25 present embodiment as follows. In assembly, the transducer desirably is "air-backed" to prodxe more energy and to 
enhance energy distribution unifonnity, as known in the art. in other words, the inner member does not contact an 
appredable amount of the inner surface of transducer inner tubular member. 

For this purpose, the transducer seats coexial about the inner member end is supported about the inner 
member in a manner provicfing a gap between the inner member end the transducer inner tubdar member. That is, the 

30 inner tubular member forms an interior bore which toosdy recdves the inner member. Any of a variety of structures can 
be used to support the transducer about the inner member. For mstance, spaces or splines can be used to coexiaOy 
position the transducer about the inner member while leaving a generelly anndar space between these components. In 
the dtemathre, other conventiond and known epproaches to support the transducer can dso be used. For instance, 0- 
rings that drcumscribe the inner member and Ge between the inner member and the transducer can support the 
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transducer in s manner smDar to that illustrated in US. Patent No. 5,606^74 to CasteSana Another ezan^ of 
attenative transducer support strxtures is dsdtBsdtn Patstt No. 5,620;479 to Diedench. 

In the iDustrated emboifiment a standniff (1341) is provided in order to ensure that the transducer has a rwfial 
separation from the inner member to form a gap fdled with m and/or other fhnd. In ona preferred mode shown in Ftgore 
13C, stand-off (1341) is a tubular member with a plurality of draimfarBntiaay spaced outer spSnes (1343) which hold 
the m^ority of the transducer iimer stffface awey from the surface of the stand-off between the splines, thereby 
mirimizing damping affects from the coupling of the transducer to the catheter. The stand-off (1341) is inserted within 
the inner hoUow cavity (1347) of the uansducer (1323). 

The transducer desirably is dectricafly and mechaiicaHy isolated from the interior of the balloon. Agaia any 
of e variety of coatings, sheaths, seelants, tulungs and the like may be suitable for this purpose, such as those 
described in U.S. Patent Nos. 5,620,479 and 5.608,974. In the illustreted embodimem, as best fllustrated in figure 
13C, a conventional sealant, such as, for example, Generel Electric Siicon II gasket glue end sealant desirably is applied 
at the proximal and (fista) ends of the transducer around the exposed portions of the inner member, wires and standoff 
to seal the space between the trensducer end the inner member et these locations. In addtion, a convantional, flexible, 
acoustically compatible, and medical grade epoxy can be eppfied over the trensducer. The epoxy may be, for exampie, 
Epotek 301, Epotek 310. which is available commercially from Epoxy Techndogy. or Tracon FDA-8„ 

An ultra thin-waited polyester heat shrink tubing or the like then seels the epoxy coated transducer. 
Ahemativeiy, the epoxy covered transducer, inner member and standoff can be instead into a tight thin waS rubber or 
plastic tubmg made from e material such as Teflon*, potyethylens, potyurethana, sOastic or the like. The tubing 
desirably has a thickness of OilDQS to 0.003 inches. 

When ess^bling the ablation device assembly, edtfitionat epoxy is injected into the tubing after the tubing is 
pieced over the epoxy coated transducer. As the tube shrinks, excess epoxy flows out end a thin layer of epoxy 
remains between the trensducer and the heat shrink tubing. This layer protects the transducer surface, Nps 
Bcoustically match the transducer to the load, makes the ablation device more robust end ensures air-tight integrity of 
the air backing. 

Although not illustrated in Figure 13A in order to simpfify the drawing, the tubing extends beyond the ends of 
trensducer and surrounds a portion of the inner member on either side of the transducer. A filler (not shown) can also 
be used to support the ends of the tubing. Suitable fillers include flexible materids such as, for exemple, but without 
iimitetion, epoxy, Teflon® tape end the fike. 

Further to known afalation catheter dsvk^s end methods of the type just summarized above, eady (fisdosures of such 
ablation catheter treatments indude enatting diro:! current (DC) from an electrode on the dstal end of e catheter in order to 
aUata the targeted tissue believed to be the focus of a partiuiar arrhythmia. However, more recently, devices and procedues 
instead use ratfio frequency (RF) currort as the energy source for tissue eUation, as dsdosed in U.S. Patent Nos. 5,209.229 to 
GE* 5,293,868 to Nardeda; and 5,228,442 to bnren. Other energy sources which have been used in catheter-based ablation 
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pnjceihiissosdisctosdinttBfoOin^ U^PatBmNa5,147;i55 to Fiiedmanst^U^PBtem 1^5,156,15^ 

to Vatenta dt, et sL; WO 93/20767 to Stem st &L; and Patent Na 5, 1 04^ to tenar et aL 

WhBa aniribar of prsfOTedemboiiinGnts of the invention and vaiisttons thsmif have been dssated in detsi otter 
modfications and methods of use wS be leaiaYSpparentto those of ddU in the art AoconinBty, it shmid be ondsstood that 
S various appfcations, modificatioRs and substitutions may be made of eqiiviients without delating from the spirit of the 
invention or the scops of the daims. 
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WHAT IS CLAIMED IS: 

1. A tissiB eblatiandsvics Bssentbly adapted to fomi a conduction 

and second predBtsniiimd locations along an atrial wal of an atntin in a patient compriang: 

afiist daivefYniGniba'vyithapnudmdendportiQnandadstalendpoitionv^^ - 
8 second ddivery mantaer with a pnsinai end poition and 8 (fistal end podion which indudas a sbsbssA 

anchor and 

an dongated aUation tnemb^ with a first end portion and a SKond end podion, ttte sUatiiHi nsniber being 
couiied to the distd end portions of the first and second defiverv numbers and indinfing an ablation element with an aUation 
length wtich a located at teas! in part between the first and second end portions of tiis aUation manber. the d^on danent 
being adapted to couple to an ablation actuator, wheidn the first and second anchors are adapted to secure the aUalion 
elentent to the first and second pr^etennined locations, resprctively, such that at least a portion of the aUation Isqth is 
smuied to end extends along the length of tissue. 

2. The assembly of deim V, whean the first anchor comprises a tracking member which is adapted to 
siideaUy engage end track over a guide member. 

3. The assembly of dam Z wherdn the traddng memb^ comprises a gtide memba- passageway wMch 
extends between a (Sstd port on the (fistd end portion of the first ddhrery member and a proamd part located along the first 
delivery member proximally of the ifistd port and the first end portion of the eUation member is engaged to \\e dstd end 
portion of the first ddivery member pnudmdly of the distd port 

4. The assembly of daim 2, whenin the first anchor comprises a first tracking ncanber adapted to s&deabty 
engage and track over a first guide member, the second oKhor canprises a second tracking member adapted to s&deefaty • 
engege and track over a se:ond guide member, and the ablation dement is adapted to be positionad elong end secured to the 
length of tissue by dideaUy engaging and advandng the first and second tracking members over the first and second glide 
members, respectively. 

5. The assembly of daim 4, urfterdn the first and second tracking monbers further include first and second 
gude memter passageways, respectivdy, wUch temiinate dstaSy in first and second distd ports, dso respectively; and the 
firat and second end jnrtions of the abiation member eng^ the ifistd end portions of the first and second ddivery members; 
respectively, at locations proximefly of x\a first and second dstd ports, also respectivdy. 

6. The assembly of dam 1, wherdn at least one of the first and second anchors comprises an expandaUe 
member wKch is ai^ustable from a first positioa which is charectenzed at least in part by a raddly coflapsed conifitiort to a 
second positioa wlich is characterized at least in part by a raddly expanded condtioa 

7. The assembly of ddm 1, wherdn the dstd end portion of at least one of the ddivery members further 
comprises a curved shape. 

8. The assembly of ddm 1, wh^n at least one of the first and second ddhrery members further comprises:. 
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a guide member with a pnnimai gtida portion and a dstel siida portion the (fistsi guide portion haiing a 
(istsi tip wNch is raifiapaqus under X-ray visuaGzatioa said dstal lip being shaped and steerabte by tontting the proximal giida 
portion; and 

n ffiHipfing fnanrhg wuhich jiriodes a bofB and aiongitudnd aas thgsthrou(fa vytoein the dstal gtids 
portimisrotstabiv oigagedwittintheboreof the coupEng member, and wherein the dstal gtidepof^ 
motion Mthin the bore in tha iongitudn&i axis, and the diistion member is en^ 

9. The Bssembly of daim 1, whsein the first defiveiy member further comprises an dimgate body with a 
passageway wiich extends between a dstal port on the dstal end portion of the first de&very tramber and a proximal port 
located dongthe first de&very member pnnimaily of the dstel port; and 

at least the first end portion of the ablation member is sGdeably er^gaged with an a(|ust8bls position witfin 
tin passageway such that at least a portion of the ablation member which bdudes the aUation element is adapted to extend 
dst^ from the passageway beyond the dstel port with an adjustable length extendng between the first and secoral daivery 
menibers. 

10. TheassEmblv of dam 9, wherainthe passageway is a first passageway, the dstal port is a first dstal poa 
and the proximel port is a first pniximal port in the first delivery member and wherein the second defivery member further 
comprises e second passageway which extends between a second dstel port dang the dstal end portion of the second defivery 
member and a second proximal port located dong the second ddivery member proximdty of the second dstd port* 

the second end portion of the aUabon member being slideaUy engaged witii en adjusteUe ptnhion wHhm 
the second passs^way and through the second dstd port and 

the ablatiDn member being adapted to extend a variable length betweoi the first end second ddhrery 
members by sttdeaUy ac^usting the respecthre position of at ieast one of the first or second end portions of the ablation member 
within the respectivdy engaged passageways. 

11. The assembly of daim1,hirther comprising: 

a first actuating member which extends dong the first defivery member and which is coupled to the ablation 
etenent and dso to a first coupler along the proximd end portion of the first ddivery member, sdd first coupler bang adapted to 
couple to an aUetion ectuator; end 

a sacoid actuating memba vMsh extends dong the second d^very member and whid) is coupled to the 
ablation elemait and dso to a second couple dong the proximd end portion of the second 6^my msnter, said second coupler 
being edapted to couple to an ablation actuator. 

12. Tha assembly of ddm 1, wherdn the ablation dement is further adapted to heat when actuated by an 
ablation actuator, and further compiising: 

a fiiid passageway which extends dong the first defivery member, the eblation msnber, and the second 
ddivery member, and wtech is thatmdly coupled to the eblation dement dong the ablation member, wherein the flixd 
passageway is edapted to cod the eblation dement when heated by dlowing fiiid to flow dong the fluid passageway and 
through the ablation msnber. 
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13. The assonUy of deiin 1, whenin the etdatian donent fuittEr canfuiffis at tesst one dectrada and 
wtBHnthepniiimdend portion of the first deSvery member fifthercompiisesm 

to the at least one eiectnutB and is abo adapted to etectjcdly cot^ to a ci^^ 

14. The Bssembty (rf dsim 1, wherein the sfatetion denent further compiises an ultrasound enitt^ and an 
uhrasound drive member wfich is coupted to the uftrasound emitter and sbo to a praxonaf coiqilBr abng the pnudnui end 
portion of the first dsGvary member, the proximal coupler being further adapted to couple the titrasound drive member to en 
uftrasound drive source. 

15. The essemUy of dam Hvvherein the titrasound ente further comprises an Utrasoundtrsns^ 
en uttrasonic crystal having first and second surfaces; the assemfaiy further conpriang: 

8 first electrical lead coupled to the first surface and which extends along the first delivery mente to a 

first coupler; and 

a second electrical lead coupled to the second surface and wtich extends along the second defiv^ mamfaer 
to a second coupler, wherein the first and second couplers are adapted to couple to two opposite poles of en ultresound drive 
drcuit whichis en dtemeting currem sounx. 

18. The Bssemfaiy of daim V wherein a vessel extends from the atriun and has a vessel wall and wherein the 
BssembiY hirther comprises a dictnrferential aUatian member elong the dstal end portion of et least one of the delivery 
members and which indudes a ctrcumferentia] ablation member that is adapted to ablate a dicunferential path of tissue located 
along the vessel wall or along the atrid wall and sunoumf ng the vessel 

17. The assemUy of daim 16, fiirther comprising: 

a first actuating member which is coupled to and extends between the ablation etemait end a first cotqier 
located elong the proximel end portion of the first delivery memb^ end 

a second actueting member which is coufded to and extends between the drcunferenti&l aUatian member 
and a second coupler Ixated elong the proximal end portion of the second delivery member. 

18. A tissue ablation device assonUy adapted to form a conduction btrck along a length of tissue between first 
and second predetennined locations along en atrial wall of an atriun in a patient comprising: 

a first ifefivery member with a proximal end portion, a distd end portion, end e first passageway exterafing 
dong the ifistai end portion of the first defirary memb^ 

a second d&TiverY member with a proximal end portion, a dstal end portioa and a second passageway 
extend ng along the dstal end portion of the second dsfivery member end 

en elongated ablation member coupled to the dstal end portions of the first end second ifelivery members, 
and indudng en aUation element with an ablation length extendng et least in part between the first end second deSvery 
members, the eblation elensnt being adapted to coi^ to an ablation actuator. 

18. The assemfaiy of dam 18, wherein the first end second deSvery manbers are adapted to be s&deably 
engaged within a delivery sheath in a sde4iy-sida arrangement such that by manipUating tin proximal end portion of the first 
defivery member externally of the body the dstd end portion of the first deOvery member is adapted to contrdtaUy posdtsi end 

•32- 



SUBSTITUTE SHEET (RULE 26) 



wo 99/44519 



PCT/US99/04521 



ssone tha afalatiiB) eloiisnt to Ihe first predeteniined fatcatiaa snd also sxh that by maiipdsting ths pnudnni end portion of 
the second defivsy nieniber extOTialY of the Indy the ifetd end pi^on of ths second dsiwiy manfaer is Bdaptsd to 
cantroDaUy position and secure the Bastion daisnt to the sacond piedetBiininedlocatioiL 

20. ThsBsssmUyofdEim 18, further canprising a first anchor located at^ 
5 deiiTOty inenibefBrvlvvMch is adapted to secure ths eUationdernent to the first preds^ 

21. The assanUy of dam 20, vvheran the first Qtd portion of ths aUationmernber is en^^ 
portion of the first defivsy iTientber prajdmaDy of the first anchor. 

22. Tha assambiy of dam 20, wheran the first anchor comprisas a tracking mentbar whtdi is adapted to 
sfidaabiy engaga and track over a guida member. 

to 23. The assembly of dam 2Z vvharein the tracking cnambar further comprises a passagaumy 

between a (fistai port on the distd end portion of tha first dfifivay member and a proximai port located along tha first dafivery 
member prosmalty of the (fistai port; and 

tha first end portion of the aUation member being engaged to the distal end portion of the first deEvery 
manfaer proximaliy of tha (fistai port. 

15 24. The assembly of daon 20, whersin the first anchor comprises an expandable member vvhich is ac^^^ 

from e first position, wluch is characterized at teast in part fay a radially cdlapsed condtion that is adapted to be deBvered into 
the Btriun, to a second position, which is characterized at least in part by a raiEally expanded cond tion which is adapted to 
raifiaily engage a vessai waD of a vessel extOKSng from the Btriun. 

25. The assembly of ddm 18, wherein the dstal end portion of at least one of the dafivery members further 
20 comprises a curved shape. 

26. The assembly of deim 18, wlsrein at (east one of the first and second delivery memters further comprises: 
a guide memfaer with a proximal giide portion and a (fistd guide portioa the distal guide portion having b 

(fistd tip which is retfiopeque uisler X-ray insulation end wKch is shaped end ste^able by toniting the proximd guide portion; 
and 

25 a coupling member which indudes a bore and a longitudnal axis through the bore, the (fistd guide portion 

being rotatably engaged with tha coupling member through tha bore and having e limited range of motion through the bore 
relative to the ktngitm&nal axis, and the abiation member fiffther being engaged to the coupimg member. 

27. The assembly of daim 1 8, wherdn the first passageway extends between a dstal port along tha (fistd end 
portion of ths first delivery member end a proximal port dong the first deSvery member praximaQy of tha dstd port and 

30 at least the first end portion of the adstion member is sfideaUy engaged with en adjiBtaUe poation witNn 

the first pessageway such that at least a portran of the diiation member which indudes the eUation dement is adapted to 
extend dtstelly from the first passageway through the dstd port with an at^abla length extemfing between the first and 
second ddv^trambffs. 
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2&. Theassanbivof dsun27,wheFenithBsacandp8ssagsvvaYejten^ 
(fistal end portion (rf the second dE6verynffind)er Old a sacondpnn^ port dong the second defivapf msmlKr pnnim^ of the 
second ffstsi port 

the second end pmtton of the aUation membs is sfideafafy engaged with an edjustaUe position within the 
second passageway and through the second dstsl port; and 

the EfalatiQn mamber is aifusta^e to extend a vanabla length between the first and second deOvep^ 
ntenters bysfideaUy aifusting the respective position of et least one of the first or second end portions whhn the [espectivdy 
engaged passageway. 

29. The Bssemlrfy of dam 18, further UMi iprising: 

a first actuating memb^wtich extends along the first ddivery member and wtich is coupled to the aUstion 
elonent ami also to a first coupler along the proximBi end portion of the first dsGvery member, tta first onusting mairiet being 
adapted to cotfte to an aldation actuator; aid 

a second ecniating member which extends eiong the s^nd (Mvery membs and wtich is coupled to the 
ablation demem end also to a second coupler eioq the proximBi eiul portion of the second defivery member, the second 
actuating member also being edapted to couple to an eblatian actuator. 

30. The assembly of daim 29, whoein the ablation element hirther comprises multiple electrodes elong the 
ablation length; and 

each of the first and second actuating msnbers further comprises at least one electricai 

31. The assembly of daim 18, wherein the eUation dement is further adapted to heat when actuated by an 
aUation actuator, and hirther comprising e fliid passegeway which extends dong the first detivery member, the eUetton 
member, and the second defivery member, end which is thennally coupled to the ablation element along the ablation member, 
such that the fluid passageway is adapted to cad the ablation element when heated by ellowing fluid to flow along the ftiid 
passageway end through the eUation member. 

32. The assembly of ddm 18. wherein the ablation dement further comprises at least one dectrode; and the 
praximd end portion of the first ddivery member further comprises an dectricd coupler which is dectrically coupled to the at 
least one dectrode and is edapted to dso electricdlY couple to e current source. 

33. The assembly of dsim 18, wherdn the ablation dement hirther comprises an ultrasound emitter; end the 
assenibly further compiises an ultrasound dnve member which is coupled to the ultrasound oratter end elso to e proximd 
coupler dong the proximei end portion of the first defivery member, the proximd coupler being further adapted to couple the 
idtrasfflind drhre member to en dtrasound drhre source. 

34. The assembly of dam 33. wherdn the litrasound enntter further comprises en dtresound transducer with 
an ultrasonic crystd having first end second strfaoes; and the assembly further comprises e first electrical lead coupled to the 
first surfece end which extends along the first ddivery member to a first coupler, and a second dectricd lead coupled to the 
second surface and which extends dong the second defivery m&nber to a second coupler, the first end second couplers being 
adapted to couple to two opposite poles of en dtrasound drive drciit wtich is en dtemating current source. 
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35. The assanUy of dam IB, wherain a vessd extends from the etriun and has a vsssd wad and tha 
ssssmUy further comprises a dicunferenti&l afabtion monba dang the dstat end portton of at least one of the dsfivery 
ii p iT^ faftK fltiri wtpch indudea a dreimfeiBntial aMation rnambflf that is adapted to afaiate e ctiainfBrential path of tisaua tacgted 
along the vessel vvafl or along the atiM wsi] end sumnmdng the vessaL 
5 36. The Bssamfaly of dam 35, further comprising: 

a first actuating member wtidi B coupled to and extends between the aUation ete^ 
located along the proximd eisi portion of the first defvery manber end 

a second actuating member which is coiqded to and extends between the drcunferentid aUation member 
and a second coupler located along the proxiniai end portion of the second delivery member. 
10 37. A tissue abbtim device Bssanfalyedapted to fomi a conduction block along a length of tissue betvv^ 

and sa:ond predetenninsd Inations dong an atrial waO of an etriun in a pattsit comprising 

a first (teSvery member with a proximal end ponioa a ifistei end portiov and a passageway that extends 
between a (fistal port tocatad aiong the tfistal end portion of the first deJivery member and a proximal port located aiong the first 
delivery member proximslly of tiie (fist&f port; 
1 5 a second ddivery member with a proximal end portion and a (fistd end portion; end 

an ablation member with a first aid portion that b slideably engeged with en adjustable position vuithin the 
passageway, a second end portion that is engaged to the dstd end portion of the second deTivery member, and an ablation 
element with an aUation length located between the first and second end portions, the efalation element being adapted to coupla 
to an ablation actuator, wherein at leest a portion of the aUation member which indudes the ebtation elemam is furth^ adapted 
20 to extend from the passageway through the c&stei port vuith en adjustable length extolling between the first and second 
defivery irranbers. 

38. The assembly of dam 37, hirther comprising: 

a first actuating member wNch extends dong the first end portion of the aUstion member and which is 
coupled to the ablation element and also to a first coupler eiong the proxtmai end portion of the first dafivery member which is 
25 adapted to couple to an ablation actuator; and 

a second actuating member which extends along the second end portion of the aUation member and which 
is coupled to the ablation dement and also to a acond oiuplar dong tha pnudmd end portion of the second defivery memb? 
wtidibaiso adapted to couple to an ablation actuator. 

39. The assemUy of dam 38, wheran the eblation donem hirther comprises an ablation length with muftii^ 
30 electrodes dong the lerqt^ end wherein each of the first end SKond ectuating memb^ further comprises at least one 

electrical wire. 

40. The assembfy of dam 38, wherein the ablation dement is further adapted to heat when actuated by an 
aUatton actuator, and further comprising: 
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a fltid passageway whch extends along the abfatian membei betyniesn the first and second end pivtions 
endwMis thE^nallYco^]i8d to the alMonelenent dang the ablation membs^ passageway is adsptad to 

cod the aUation eiemem what heated by afiowing fliid to fio^ 

41. The assenitiy of dam 37, whemn the length of tissue extends between first and second predetemined 
locations along the etrid well, and tin assembly furth^ comprises a first anchor located along the (Sstsl end partion of the first 
deiivay manber and which is adapted to secure the ablation dement to the first piedettunvned location along the atnEl wafl. 

4Z The assembly of dam 41, wherein the first anchor comprises a tracking member wtich is edaptsd to 
sfideaUy engage and track over a guide member. 

43. The assembly of dam 42, wherein the tracking member hirther comprises a guide monber passageway 
wtid) extends between a distal gtide membs port on the ifistd end portion of tte first delivoy member and a proximel guide 
member port located tianQ tin first deSvsry member proodmdlY of tie dstal gtide member port end wherem the first end 
portion of the ablation member is engeged to the dstel end portion of the first delivery member proximalty of the dstal glide 
memberport 

44. The assembly of dam 41, the first andmr conpii^ en expandable member that is at^ustaUe from a 
raiafiy cdiepsed condtion that is adapted to be deiveied into the atriun to a radially expanded comfition that is adapted to 
ratfieDy engage a vessel wall of a vessel extendng from the atritin. 

45. The essembly of daim 37, wherein the dstal end portion of at least one of the delivery members further 
comprises a curved shape. 

46. The assembly of dsim 37, vvherein the second defiv^niember further coniprises: 

a guide member with a proxonal glide portion end a dstal guide portion, the (fistol guide portion having a • 
dstd tip wNch is radiopaque under X-ray visualization and which is shaf^d and steerable by torqiing the proximel guide portion,* 
and 

a coupfing member which includes a bore and a longitudnal axis through the bore, the distsi guide pardon 
being rotatably engaged vuth the coupling member through the bore end having a linnted range of motion through the bore 
relative to the longitucfinal axis, end the second end portion of the eblation member further being ei^eged to the coupling 
member. 

47. The assembly of daim 37, wherein the eblation dement hirther comphsas at least one dectroda; the 
pnudmd end portion of the first ddhrefy member further comprising en dectrbd coupler which is electrically coupled to the at 
least one dectrode and is adapted to dso electricaOy couple to a current source. 

48. The assembly of daim 37, wherdn a vessd extends from the atriun and has a vessel wdL end the assembly further 
comprises a dminferentid ablation memb^ dong the dstd end portion of at least one of the defivery members end which 
indudes a drcumferBntial ablation member that is adapted to ablate a drcunferentid path of tissue located along the vassal 
wdl or dong the atrial wdl and surroundng the vessel 

49. The assembly of dam 48, hirther comprising: 
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a tint actuatiiig tnsnber which b coipisi to and extends betweai the aUatton elsnent and also to a iiist 
couplar iocated afong the pnndniEi end ponion of tiie first defiverymendra; and 

a second actuatinQ mamfaa^ wtich b coupled to and extends between the chctinfOTntial ditetion menib&' 
and a saoHidanqder located along the proxinia] end inrtion of the second defhrerv member. 

50. AtisstB8bto1iondBvns8ssEniblyada|itsdtafonnacomiuctiQnUockato 
Bid second piedetennined tocatians along an atrial wal of an atriiin m a patient conipii^ 

a dafvery memb^ Mtii a pnndmal aid portioa a dstal aid portion, and a passageway that extends 
betweoi a (fist^ port that is toceted along the istal end [Kirtion of the delivery member, and e proxima) port that is located 
along ths deSvery member proximaQy of the distd port 

an aUation member with a fiist end porticn that is siideafalY engaged with en at^ustaUe position within the 
passageway, and a s^ond end portion that indudes an ablation elenrau, wherein the ablation member is adjustaUa to extend a 
piedetemiined portimi of the aUation element (Sstfldy from the passageway beyond the (fistal port; and 

an anchor located along tin second end portion of the ablation menrber and whtd) is adapted to secure the 
ablation element to one of the first and second predetemined locations. 

51 . The assemUv of daim 50, wherein tin anchor further comprises a tracking mamber which is ad^tad to 
siideably engage and track over a guide member. 

52. The assembly of daim 51, wherdn the tracking member further comprising a guide mamber passa^way 
wtich extends tetween a dstal giide member port on the cfistd end portion of the defivery member and a proximfll gisde 
mestixi port located d ong the defivery member proximaDy of the dstal guide member port and wherein the dstd port is located 
along the dstd end portion of the defivery member proximdty of the distd guide member port 

53. The essembty of datm 50, wherein the aichor hirther comprises an expandable member which is adjustable 
from a rediafly cotlepsed condtion that is adapted to be deiveied into the atriun to a raddly expanded condtion wtich is 
adapted to raddly engage a vessel wdl of a vessd extendng from the etrium. 

54. The essembty of dam 50, further comprising a first anchor located along the distd end portion of the 
de&very member and which is adapted to secure tte first end portion of the ablation member to the first predetemtined Ireation, 
wheiein the anchor iKsted dang the second end portion of the ablation member is a second anchor wtich is adapted to secure 
the second end portion of the eUation member to the second predetenraned locatiDn. 

55. The assembly of ddm 54, wheidn the second anchor further comprises an expandable member which is 
arable from a raddly cofiapsed condition that is adapted to be ddhrered into the atiium to a radaOy expanded condtion 
wtidi is adapted to raddly engage a second vessd waS of a second vessd extendng from the atrium. 

58. The assembly of ddm 54, wherein first and second vessels extend from the atrium, end wherein the first 
anchor further comprises a first tracking member edapted to sSdeebty engage and track over a first gtide member, and the 
second enchor further comprises a second tracking member adapted to sfideably engage end treck over a second ginde member; 
and 
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the aiiistioa demstit is adapted to be postionBd abmg and seasBd to the length of tissta by sSdsaUY 
engaging and advancing the first and second tracking members m& the first and second glide members; respectivdv, when the 
first and second gtide [iBidien are engaged vyitfan the first and second 

57. The flggnWy of d am 56, wharein the first and second tracking mambsfs further ctMnpiise first and aacond 
gtide memba^ passagswaySr respectivefy, wvtich terminate dstafiy in first and second (Sstel giitte member ports, elso 
respsctivety; and 

the first end second end portions of the aUadon member are engaged with the (f stsl end portions of the 
first and second tracking members, respedrady, at locations proximaOy of the first end second dstet gtide mandjer port^ also 
respectivdy. 

58. The assembly of dam 50, wh^ at least one of the distei end portions of the defivery members further 
ctmprises e curved dtape. 

59. The assemUy of darni 50, whOTin the efalation dement further comprises at least one eiectrode end the 
proximd end portion of the first deBvery member further comprises en dectricd coupler which is etectrically coupled to the at 
least one dectrode end is adapted to dso electricafiy couple to a current source. 

60. The assembly of dam 50, wherein a vessd extends from the atmm and has a vessel waS, and further 
compn^s 

a dminferentid ablation member located along the (fistd end portion of the delivery mender and having a 
drcumferentiel eUation elanent which is adapted to aUata a ctrcumferential path of tissue located dong the vessel wdl or 
along the etrid wdl end surroundng the vessel 

61. The assembly of dam 50, wherein a vessd extends from the atriun and has a vessel wdl and further ■ 

compiisntg: 

a drcunferoitid aUation memba located dong tha second end portion of the ablation member and having 
e dnninferentid ablation dement wNch is adopted to couple to an abletion actuator and dso to couple to end ablate a 
circumferentid peth of tissue Ircated dong the vessd waS or dong the etiidwafl and surrouni&tg the vessd. 

62. A tissue eUation device assembiy edapted to fonn a conduction dock along e length of tissue between first 
and second predetemtined locatiDns dong an atrid wdl of m etritin in a patient comprising: 

a first d^very member with a proximd end portion and a (istd end portion; 

a second defivoy member with e proximd end portion and a (fistd end portion; 

an afalatkm member with a first end portion engaged to the dstal end portion of t\a first d^very member, a 
second end portion engaged to the dstd end portion of the second ddivery member, and an aUation dement located between 
the first and second end portions, wheren the proximal end portions of the first and second deBvery members are further 
adapted to sfideaUy engage a ddiv^ sheath in e ade^-dde eirang^nent such that by manipdating the proximd end portion 
of the first defivery memb^ extOTidly of the body, the dstd end portion of the first defivery member is edapted to controflefaty 
position and secure the ablation element to the first predetermined locetioa and dso such that by manpulating the pnudmd sid 
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portion of the second deSveiY member extsmefiy of the body the dstai end 

contraOstiY postian end secure the aUatian dsnent to tbe second picdetsnntediQcetien. 

63. The BssGmfafy of dam GZ fiffthsr conpriang a first anchor locatBd along the dstd end portion of the first 
detivery member and wfuch B edapted to S8CUIB the eUation efament to the first pr 

64. The assembly of dam 63, whsran ttie first anchor comprises a tradnng member which is edapted to 
sfidaaUy engage end track over 8 guide member. 

65. The assanbly of dam 84, whoein the tracking mamber further conprises a glide manber passageway 
wfidiexterab between a dstal port on the dstal end portion of the first defivery member and a proximd port located along the 
first dEtivery member pnudmaOy of the (fistd port and wheron the first end portion of the ablation nonber is engaged to the 
(fistfil end potion of the first dflfivary member proximaOy of the dtstd port 

66. The assembly of daim 63, whemn the first anchor hirther comprises an expandable member which is 
a(|ustabb from a reiiBilY collspsed contfition that is adapted to be delivered into ttm atrium to e raifialy eipanded conitian 
vvtich is adapted to rati ally engage a vessel wdi of a vessd extening from the atrium. 

67. The assembly of daim 62, wh^n the dstal end portion of at least one of the first and second detivety 
members further comprises a curved shape. 

68. The assembly of deim 62, wherein at least one of the first and second delivery manbers further comprises: 
a guide member with a proximal giida portion end a distal guide portioa the ifistd gtode portion having a 

(bstd fip whch is radiopaque under X-ray visualization end which is shaped and steaabte by tanning the proximd guide portion; 
and 

a coupling member which indudes a bore and a longitudnal axis through the bore, the distal guide portion 
being rotataUy engaged with the coupfing member through the bore end having a Bmited range of motion through the bore 
rdative to the longitutfinal axis, and the ablation monber further being engaged to the coupling member. 

69. The assembly of deim 6Z hirther compiisng: 

a first actuating member wtidi is coupled to end extends between the eUation element and eiso to a first 
coupler loceted along the praximd end portion of the first deiiveiy member; and 

a second actuating member which is coupied to and extends betwran the drcunferentiel ablation member 
and a second coupler located dong the pnndmai end portion of the second defivery member. 

70. The BssemUy of deim 69, wherein the ebtation dement hirther compiises a plurality of electrodes and each 
of the first end second actuating members further comprises at least one electrtcai wire. 

71 . The asserr^ of dam 62, wherein the ablation dement b hirther adapted to heat when actuated by an 
abiation actuator, and further comprising: 

a fltid passageway wtich extends dong the first defivery member, the ablation member, end the second 
defivery member, end which is theimdly coupied to the efaiation dement dong the ablation manber, wh^n the fliid 
passageway is adapted to cod the ablation dement when heated by dlowing flud to flow elong the fluid passageway and 
through the ablation member. 
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72. Ths assanfaty of daini 62, wherdn the abialion eiansnt further cmipnses si least one etectrate and the 
pnudmd end portion of the first defiv^ monber furth^ compiisas an dactrcd colder whtdi a electncaly cmipted to the at 
least one electrode and is adafited to siso eiectncaly couple to a cunEnt sovce. 

73. The Bssonidy of dsui 6Z wbsein a vessel extends fron the athtin and has a vessd vaU, and fiithsr 
conipiuingi 

a dictmferenti&i aUation mendiar dtrng the dsta) otd poiton of at least one of the first and second 
ddhrery members and vufnch is adapted to coiqieto an aUstitm actuator end dso to couple to and diate a uiuinifuiitiitui) path 
of tissue ixated along the vessel waQ or dang the atridwaS and sumurafii^ the vassal 

74. The assamfaty of daim further canpriaoig: 

a first actuating manter wfidi is cou|ied to and extends between the ablation demant and dso to a first 
couple located along the projdmd end portion of the first ddiverv member and 

a second actuating member which is coupled to and extends between the drcumferential aUation mandier 
and a second coupler Ixated dong the proximal end portion of the second ddivery member. 

75. A tissue abistion (tevice assembly for fomdng a pattern of conduction blacks induing a drc um ferential 
lesion and also a linear lesian in canfiac tissue in a patiait comprising: 

first and racond derivery memfaeis, each ddivery member tndudng a proximal end portion, a distd end 
portion and a longitudind axis that extoids between the proximd and (fistd end portitnis; 

a dicunfoentid aUation n»nber positioned dong the (£std aid port! on of one of the first and second 
(tethrery members and whkh indudes a drcumferentid aUation etemott wtich is adapted to couple to an ablation actuator sitd 
also to a drcumferentid region of tissue sumtuntfing the dstal end portion of the first ddvery member; aid 

a Gnaar ablation manber comprising e linear ablation element and which is coupled to the dstd end portion 
of the first defivery member proximaSy of the drctinferentid ddation dement and also to the distal end portion of the second 
ddhrery member. 

76. A method of fonning a conduction Uock dong a length of tissue betvueen first and second predetermined 
Ixations dong an atrid waD of an atrium in a patient comprising: 

introdudng e first ddiv^ memb^ into the etrhm, wherein the first ddivery member has a proximd end 
portion end a dstd end portion which indtfiles a first anchor; 

introdudng a second deBvery member into the atrium, wh^in the second de&very manber has e proximd 
end portion and a (fistd end portion which indudas a second anchor; 

providng en dongeted ablation member with a first end portion and a second end portioa the eblathm 
member bang coupled to the dstd end portions of the first and soond d^very members end indudng en ablation dement with 
an edation length wiich is Ixated at least in part between the first and sxond aid portions of the eUation member, the 
ablation element bang coupled to en ablation actuator; 

securing tha first and second anchors to the first end second predetennined locations, respectivdy, such 
that at least 8 portion of the eblation length is secured to and extends dong the lengtii of tissue; 
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^uatinQ ths etiatkm sctuator to ener^ ths aUation eisnisnt vnA 
aUating tha teiqth d tssue with ths sUatnm dsnnm to 

77. The method d dam 76, vvhersmirnQr to securing ths d 

5tsp of gulfing ths dstd end portion of st least one of the first and second dafivery memben towenl at least ob of fha tint 
5 andsaxndjtfedetenninedlocstiQnsbymanpdatingthapnudmdendp^ 

78. Thamsthodof deim 77, uA»am the step of giidngbfacStstai by visual^ 
{fistd end portiDn of tfie dsGveiY msnber urate X-fay. 

79. The method of dabn 77, wherein the gui[fing ste^) hirther comprises ai^ng the length of the eUation 
rramber sxtenifng betwaai the first and second ddivery members by sSdng the ablstion member engaged within a pessa^wsy 

10 in et least one of the ddhrery rrranbeis. 

80. The method of daim 76, wherein the step of securing st least one of the first and second anchore 
conprises sliding a tracking memfaff over a glide member. 

81. The method of daim 76, wherein the step of securing at least one of the first and second enchors 
comprises at^ustmg an expendable member from a raifiaiy collapsed condtion to a rarfiaDy expanded condtion. 

1 5 82. The method of daim 76, wherein ectuating the aUstion actuator results in heating of the ablation danent 

83. The method of daim 76, wherein actuating the aUation sctuator results in energizing an ultrasound emitter. 

84. The method of dam 76, wherein aUating the lerqth of rissue hirther comprises eblating e drcunferentid 
path of tissue located within a pdmonary vein ostiiia 

85. A method of fomniq a coTHiuctiQn Uock ^ong a leng^ of tissue between first imd second pedetuiiiiiul 
20 locations along an atrial waD of an atriun in a patient, comprising: 

introdudng a first delivery member into the atiiun, the first deSveiy member having a proximal end portioa 
a dstai end portioa and a first passageway extend ng along the dstd end portion of the first de&veiy member; 

tntradudng a second defivery member mto the atrium, the second defivery member having a proximal end 
portioa a distal end portion, and a second passageway extendng along the dsta) end portion of the second ddhrery memb^ 
25 providng an dongated ablation member coupled to the distal aid portions of ths first and second ddhrery 

members, and mdudng an eUation element with an ablation length extendng at least in part between tha finrt and second 
(tetfyery members; the ablation dement bantg coufied to an ablation actuator; 

securing the ablation dement along the length of tissue between the first and second predetemsned 

location^ 

30 actuating the eUation actuator to energize the eUstion element end 

ablating the length of tissue with the ablation element to thereby fonn tha conduction Hock. 

86. Tha method of deim 85, wherdn prior to securing the efatetion dement, the method further comprises the 
s:tep of guiding the dstd end portion of at least one of the first end second ddivery members toward at least one of the first 
end second predetemnned locations by manipulating the proximd end portion of the delhrery msnber. 
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87. The method (rfdaim 86, virfieran the step of gtiongBfacihstejb^ 
(fistal end portiin of the dE&very mento undsr X-ray. 

88. The method of dam 86, the giidng step further comprises ei^ng the ie!^ of the eUation msmbsr 
exteniing betweoi the first and second delvery members by s&dng the a&lation member engaged withtn the passageway in at 
least one of the defiv^ members. 

89. The method of dam 85, vAvsm the step of seoiring the eUetbn dsnent between first and second 
predetemiined iKettons is eccompTuhed by msnipiiBting the proximai end portion of the first de&very msmbo^ extemdty of the 
body to controQably position the first de&very monber, and also by maiiputatino the proximal end portion of the second deivery 
member extemaBy of the body to controflebly position tie second dGTiveTy member. 

80. The method of dam 89, wterdn the step of securing the aUation demait further comprises anchoimg at 
least one of the first and second de&very members to the respectiva first and second predetemaned locations. 

91. The method of dam 90, whodn the enchoiing of at least one of the first and second ddfvery members 
comprises sSing the defiveiy manbs over a glide member engaged in the respective passageway. 

92. The method of daim 90, wherein anchoring of et least one of the first and second defiveiy members 
comprises a(|usting en expandable member from e radaDy cdlapsed condlion to a radtaDy expanded condtion. 

81 The method of ddm 85, wherein actuating the ablation actuator results tn heating of the eUetion dement 

94. The method of daim 85, wherein actuating the ablatton actuator results in energizing an ultrasound emitter. 

85. The method of dam 85, wherein eUsting the length of tissue hother comprises ablating a dnuinferentid 
path of tissue loceted witlan a putmonary vein ostinn. 

96. A method of fomvng a condxtion block along a length of tissue between first end second predetermined 
locations along an atrid wall of an atrium in a patient comprising: 

imradudng a first ddhrery member into the atriun, the first ddvery member heving a proximd end portion, 
a dstai end portioa end a passageway that extends between a dstd port located along the distd end portion of the first 
ddivery member end a proximd port located dong the first ddhrery member proximdiy of the distd port; 

introdudng s second deSvery member into the etrium, the second deSvery member having a proximd end 
portion and a dstd end portion; 

providng en eUetion member with e first end portion that is dideably engaged with an adjustable position 
within the passageway, a second end portion that is engaged to the distd end portion of the second delivery membs, and an 
aUation elsnent with an aUation length located between the first and second end portions, the ablation element bang coupled 
to an ablation actuator, wherein at least a portion of the ablation memter wtich indudes the ablation demem is further adapted 
to extend fnm the passageway through the dstd port with an adjustaUa length extendng between the first and second 
ddivery members; 

securing the ablation dement dong the length of tissue between the first end second predetenninBd 

locations; 

actuating the ablation actuator to energize the ablation element and 
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aMating ttelKigth of tissue wth the sMstmnefanm to there^ 
97. The method of dam 96, wherein prior to securing the ablation eisment the method ^her coniprises the 
step of guidtng the dstal aul portkm of at least one of the first aid second (UiverY members toward at least one of the first 
and second piBdeteTTntned locations by manipulating the (vonmal sid portion of the defivery member. 
5 98. The method d dam 97, vvh^n the step of giidngbfacSteted by visuafiib^ 

{fistd end portion of tte ddivsiY member tmi^ X-ray. 

99. The method of daim 9B, wherein the step of securing the aUation eiemsit fifth? compTisas archoring at 
least one of the first and second delivery manbos to the respective first and second predetemnnsd locations. 

100. The nnthod of daim 99, vvherdn the anchoring of at least one of the first and second deGve^ 
10 comprises s&fing a tracking member ova' a glide member. 

101. The method of daim 09, whaein the sichoring of at least one of the first and second defivery monbers 
compri^ at^usting en expendable member from a raifiaBy cdtapsed condtion to a raifidy expanded coniilion. 

102. Tha method of dam 96, wherein ectuating the aUation actuator restits in heating of the ebfation demenL 

1 03. The method of daim 08, wherein actuating the ablation actuator results in energizing an ultrasouixl enitt^. 
15 104. The method of dam 96, wherein aUeting the length of tissue further comprises ebtating a Di a m ferentid 

path of tissue iKoted within a piinumary vein ostiun. 

105. A method of fonning a conduction blxk along a length of tissue between first and second predetermined 
locations along en atnd waO of an etriun in a patient comprising: 

introdudng a ddivery member into the atriim the defivery member having a proximal end portion, a dntd 
20 end portioa and a passageway that extends betwe^ a (fistd port that is located dong the dutal end portion of the defvery ■ 
member, and a proximd port that is located dong the defivery member pnudmdly of the dstd port 

pravidng an ablation member with a first end portion that is sfideabty engaged with an at^able position 
witlin the passageway, and a second end portion that indudes an oblation dement which is coupled to an aUation actuator, 
wherein the aUation member is adjustable to extoid a predetennined portion of the eblaticn demem dstaOy from the 
2 5 passageway beyond the dstai port and the oblation element 

securing the ablation element to at least one of the first and second predetemtirffid Ireations; 
actuating the eUation actuator to energize the aUation element and 
ablating the length of tissue with the ablation element to thereby fomi the condxtion block. 
108. The method of deim 105. whadn the step of securing the oblation element furths comprises sSdng at 
30 least one tracldng member over a gtide manber. 

107. The method of dam 1 0B, wheran the step of securing the ablation donent further comprises advancing 
first and second tracking memters over first end second glide members, respedivdy, when tha first and s^nd guide members 
ere engaged witNn first and second pdnumary vans, also respectivdy. 
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108. Themethodofdfiim 105, vuisrein the step dsecuiiioBtt^ 

cflrnpiises a^^usting an expandaUa member fron a radiaQYcdIspseil conilion to a raiisdy expanded coiuitiQn tha^y ndAy 
engapq a vessd wafl of a vessel exteuing from the stiitirL 

109. Tte mathcd of dam 105 adiitiofttDy comprigng ablating a dim iii fBrgntial path of tissua located along an 
ama where a vBssa! extends from tin atmna 

110. A method of fomiing a aindiction block along a length of tissua betvvsen first ^ 
locetioRS along an atiial waS of an atriim In a patient conprising: 

introdudng a first defiverY member into the allium, the first defiv^ member having a proximal oid portion 

andaifistfli end portioa* 

introdudng a second deivery mamber into the atrium the second (teSvery menber having a pnudmai end 
polini and a dsta) end portion; 

proviiing an ablation member vuith a first end portion engaged to the distal end portion of the first ddvsry 
member, a secimd end portion engaged to the (fistd end portitxi of the second defivery member, and an ablation element located 
between the first and second end portions; 

sTideably engaging the first and second deivery members witiiin a ddivery sheath in a side^iy^da 

B ii anynmen t; 

coupling the ablation dement to an ablation actuator; 

ctmtroQabiy podtiining and securing the aUation dement to the first predetamiined location by 
maiiputating the proximd end portirai of the first ddivery member externally of the body; 

contrdlably positioning and securing the ablation dement to the second predetomined location by 
maripuiating the proximd end portion of tiie second defivery member extemdty of the body; 

actuating the ablation actuator to energize the ablation dement and 

ablating the lengti) of tissue vuith the ablation element to thereby f onn tiie conduction Uoct 

111. The method of ddm 1 1 0, wherdn at least one of the first and second ddivery manbers are s^ed by 
archoring to the mpective first end second predetermined locations. 

112. The method of doim 1 1 1, wherdn the anchoring of at least one of tiie first and second ddh/ery members 
comprises sScfing a tracking member over a glide member engaged witNn a vessd extentfing from the atrium. 

113. The matiiod of ddm 111, wherdn the anchoring of at least one of the first and second ddivery members 
comprises adjusting an expandable member from a raifia&y cdlapsed coniftion to a raifiaQy expanded condtion. 

114. The metiiod of ddm 110, whodn the step of contrdlably podtioning and securing is facitated by 
visudisng a ratiopafpie maricer on tin distd end portion of the defivery member under X-ray. 

115. A method for treating left atrid arrhythnna, comprising: 

introdudng first and secoral defivery members mto the left atrium, eadi defivery member induding a 
pnudmd end portioa a distd m6 portion and a langiUufind axis that extraids between the proximd and (fistd end poitions; 
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pnnhfng a uicuiifBicmtlBl sfalatkn) msnto poshmiGd do^ thB dstd end pomoQ of ths fiist ddvery 
member and wirah indudes a ui a a nf meiitia l aUation ^ment wttdi a coupled tD a first aUatnm actuator and adaptsd to 
ablate a dicunferentiaf regiiHi of tissue along an bibs where a iniroonary vein extends froni a posterior left aHium waB of the 
left Btjiuin; 

providng a lines aUation element having a fiist Bid portion engaged to ths dstd end portion of the fast 
(tiivQYnffiiiberpronnralty of ttttctiainferentialablatiandeniartendasec^ distal end parttm of 

the second delivery mendier, the fines alrialion element being cou|tol to a second ablalion actuator; 

positioning the drcunfersnial aUatian nnmfaar along the area; 

positianing the dstal end portion of the second dslivery msmfaer at the prBdetenransd locatianr such that 
thefinear ablation element is positioned betvraen the putntonary van ostium end the pr^etermin^ location; 

actuating ths first and second dulatton actuatois to eneigize the circumferential and Enear ddatton 

etement^ 

aUsting the dioinferentisl region of tisaje vuith tiia drcumfeientid aUstion element and 

ablating a length of tissue with the linear eUation element to thereby fomi a pattern of contiguaus 

conducthra blocks. 

116. A tissue ablation system, comprising: 

en ablation member with a first end portion, a second end portion, and an ablation element between the first 
and second end portions; 

a first defivery member with a first elongate body having a proximal end portion and a distd end portion 
coupled to the first end portion of the ablation member; 

a Mcond ddivery member with a second elongate body having e proximal end portion and a (fistal end portion 
coupled to the second end portion of the eUation member such that at least a portion of the ablation member extends 
between the first and second delhrery members; 

a third delivery member with a proximal end portion, a (Sstel end portion^ a first passageway extending 
between a first proximal port along the proximal end portion of the third delivery member and a first distal port af ong 
the tfista) end portion of the third delivery member, a second passageway axteni&ng between a second proximal port 
along the proximal end portion of the tNrd deBvsry member and a second distal port along tte (fistal end portion of the 
third defivery member, and a waS located between the first and second passageweys; 

the first passagewey is adapted to sGdeeUy engage the first ddhrery member; 

the second passageway is adapted to stideaUy engege the second delivery member and 

the wail is adapted to isolate the first and second passageways such that the first and second elongate boifies 
do not tangle when the first and second deiivary members are engaged within the first and second passageways, 
respectively, and virherein the wall is hirther adapted to dlow the ablation msnber extending between the first and 
second defivery members to bridge between the first end second passageways when the first and second delhrery 
members and ablation member are positioned within and are advanced along the first and second passageways. 
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